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SUMMARY 
In t h i s s tudy a mathemat ica l model f o r r e g i o n a l a g r i c u l t u r e p l a n ­
ning i s formula ted . Crop r o t a t i o n requirements and d i f f e r e n t l e v e l s o f 
input u t i l i z a t i o n are e x p l i c i t l y s p e c i f i e d . To account f o r the s p e c i a l 
c o n d i t i o n s of d e v e l o p i n g economies , d i f f e r e n c e s i n product ion f u n c t i o n s 
are s p e c i f i e d w i t h i n each r e g i o n . Moreover, s e v e r a l g o a l s are i n c l u d e d i n 
the model , such as demand s a t i s f a c t i o n , min imiz ing unemployment, and main­
t a i n i n g s a t i s f a c t o r y l e v e l s of f o r e i g n exchange . The problem i s s o l v e d 
as a goa l program under the c r i t e r i a of min imiz ing the sum of w e i g h t e d 
d e v i a t i o n s from the s p e c i f i e d t a r g e t s . 
Two r e a l world a p p l i c a t i o n s are used t o t e s t the model , a two-
r e g i o n A l g e r i a n model snd a n i n e - r e g i o n Egypt ian model , both hav ing 
adequate s e t s of c o n s t r a i n t s and v a r i a b l e s . The r e s u l t s do not c a l l 
f o r a complete s p e c i a l i z a t i o n , even though s u b s t a n t i a l r e s o u r c e r e a l l o c a ­
t i o n i s i n d i c a t e d . Compared to minimum c o s t and maximum r e t u r n l i n e a r 
p r o g r a m i n g f o r m u l a t i o n s , i t i s found t h a t s u b s t a n t i a l unemployment r e ­
d u c t i o n can o c c u r . Thus, i t i s concluded t h a t a g o a l programming formula­
t i o n has g r e a t p o t e n t i a l i n i n c o r p o r a t i n g both economic w e l f a r e and income 
d i s t r i b u t i o n i n t o a r e g i o n a l a g r i c u l t u r a l a n a l y s i s . 
CHAPTER I 
INTRODUCTION 
Over the p a s t twenty y e a r s , a n a l y t i c a l t o o l s have found a growing 
use i n a n a l y z i n g and p lann ing a g r i c u l t u r a l sys tems and answering q u e s ­
t i o n s such as what to grow, where , and how. The nature of the a g r i c u l t u r a l 
s e c t o r makes i t s p l a n n i n g both a d i f f i c u l t and a c r u c i a l task s i n c e i t 
c a r r i e s the r e s p o n s i b i l i t y of f e e d i n g the world p o p u l a t i o n . 
Understanding the a g r i c u l t u r a l s e c t o r r e q u i r e s t h a t knowledge be 
drawn f r o t L a wide v a r i e t y of d i s c i p l i n e s . The growth p r o c e s s of a crop 
r e s t s on academic s u b j e c t s such as p h y s i c s and c h e m i s t r y , b o t a n y , b i o l o g y , 
h o r t i c u l t u r e , and agronomy. The product ion p r o c e s s of a crop r e q u i r e s 
labor input and i s i n f l u e n c e d by management d e c i s i o n s and consumption 
h a b i t s , thus making s o c i a l s c i e n c e s such as economics and psycho logy a l s o 
Important. 
There are h o s t s of f a c t o r s tha t i n f l u e n c e the crop y i e l d , as shown 
i n Figure 1 , and s p e c i a l i z e d s t u d i e s , such as by Trenbath [ 1 9 7 6 ] , Waggoner 
[ 1 9 7 6 ] , or Tanj i and Fried [1977] are important i n d e l i n e a t i n g and under ­
s t a n d i n g the i n t e r a c t i n g e f f e c t s , and e x p l a i n i n g the b i o l o g i c a l r e l a t i o n ­
s h i p s between input f a c t o r s such as f e r t i l i z e r , p e s t i c i d e and water and 
y i e l d r e s p o n s e . Only then can the v a r i o u s a s p e c t s of crop performance 
be r e v e a l e d and p l a n n i n g undertaken to h e l p d e c i d e between a l t e r n a t i v e 
product ion l e v e l s or t e c h n i q u e s and s p a t i a l l o c a t i o n of c r o p s . 
1.1 P lanning i n the A g r i c u l t u r a l S e c t o r 
As Bishay [1974] n o t e s : "The p l a n n i n g of a g r i c u l t u r a l development 
i s a p r o c e s s aiming at the maximizat ion of the s e c t o r ' s c o n t r i b u t i o n to 
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Figure 1 . Some of the Many F a c t o r s I n f l u e n c i n g the Crop Product ion System 
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the economic w e l f a r e of the s o c i e t y . " But i t s nature makes i t l e s s r e ­
s p o n s i v e to programs than most of the o t h e r n o n - a g r i c u l t u r a l s e c t o r s . 
A g r i c u l t u r a l p r o d u c t i o n i s h i g h l y f l u c t u a t i n g and s p e c i a l i z e d economic 
theory such as by D o l l and West [1968] and Rae [1977] i s c o n s i d e r e d 
r e l e v a n t in unders tanding crop p r o d u c t i o n sys tems and d e r i v i n g g e n e r a l 
p r i n c i p l e s to be used i n the p l a n n i n g p r o c e s s . Inves tments need l o n g e r 
p e r i o d s for m a t u r i t y and are v u l n e r a b l e to n a t u r a l c o n d i t i o n s . Produc­
t i o n f o l l o w s a s e a s o n a l p a t t e r n and l a b o r , which n e e d s to be s k i l l e d i n 
a range of s e a s o n a l t a s k s , i s not needed u n i f o r m l y . P o p u l a t i o n p a t t e r n s 
and consumption and n u t r i t i o n a l needs are a l s o i m p o r t a n t . 
There are d i f f e r e n t t y p e s of p l a n n i n g , and wi thout loss of g e n e r ­
a l i t y , we can c l a s s i f y them; accord ing t o t h r e e b a s i c d i m e n s i o n s : e c o n ­
omic , t empora l , and r e g i o n a l , 
a) Economic J3imens ion 
In t h i s c a s e , the f o l l w i n g t h r e e l e v e l s can be d i s t i n g u i s h e d : 
i ) Macroeconomic. Models in t h i s c l a s s may range from s i m p l e 
a g g r e g a t e ones to m u l t i - s e c t o r d e t a i l e d o n e s . A f u r t h e r d i s t i n c t i o n can 
be made r e l a t i n g t o the type of d e c i s i o n v a r i a b l e s i n the model . 
Optimal growth theory models c o n c e n t r a t e on the d e t e r m i n a t i o n of 
an economic growth r a t e . A review of t h e s e can be found i n Manne [1974] 
f o r m u l t i - s e c t o r models and in Taylor [1975] f o r economy-wide m o d e l s . 
Opt imiza t ion models for which a rev iew can be found i n P a r i e n t e 
1977 , and need to be d e t a i l e d enough to be o p e r a t i o n a l ; they should be 
s o l v e d n u m e r i c a l l y to prov ide f o r e c a s t s . In t h i s c a s e , the d e c i s i o n 
v a r i a b l e s r e l a t e to some w e l f a r e measure of the economy. 
i i ) S e c t o r a l . When more d e t a i l s are needed on a p a r t i c u l a r s e c t o r , 
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macro-economic models become i m p r a c t i c a l , and a d e t a i l e d a n a l y s i s d i c ­
t a t e s the u s e of a unique s e c t o r a l model . D i f f e r e n t l e v e l s can a l s o be 
d i s t i n g u i s h e d , a rev iew of which can be found in Duloy and Norton [1973]. 
Depending on the formula t ion adopted , t h e s e models can be u s e f u l in d e ­
termin ing the magnitude, l o c a t i o n , and t iming of i n v e s t m e n t s i n a p a r t i ­
c u l a r s e c t o r . 
i i i ) P r o j e c t L e v e l . In t h i s c a s e , a d e t a i l e d a n a l y s i s of a s e t of 
p r o j e c t s i s n e c e s s a r y t o h e l p d e c i d e the c h o i c e of a p a r t i c u l a r one a c ­
cord ing t o some s p e c i f i e d c r i t e r i a . Methods of e n g i n e e r i n g economy, 
such as b e n e f i t c o s t a n a l y s i s , could be of use i n t h i s c o n t e x t ; s e e f o r 
example, Thuesen, Fabrycky, and Thuesen [1971]. 
I f an i n t e g r a t e d approach i s needed to account f o r the e f f e c t s on 
the o t h e r s e c t o r s , a s e c t o r a l a n a l y s i s would be d e s i r a b l e . An example 
i s the energy s e c t o r model deve loped by Dela Garza, Manne, and V a l e n t i c a 
[1973]. 
b) Temporal Dimension 
P lanning can be s t a t i c or dynamic depending on the t a r g e t s s e t and 
the kind of in format ion needed . 
i ) S t a t i c Models . B a s i c a l l y , whenever a s h o r t - t e r m hor i zon i s 
c o n s i d e r e d , over which r e s o u r c e s u p p l i e s can be c o n s i d e r e d f i x e d , o n e -
year models are u s e d . These models can be n a t i o n - w i d e or s e c t o r a l . Th i s 
c l a s s can a l s o i n c l u d e o p e r a t i o n a l models used i n d a y - t o - d a y management 
d e c i s i o n s . 
i i ) Dynamic Models . Whenever a t ime span l o n g e r than a year i s 
c o n s i d e r e d over which r e s o u r c e s u p p l i e s can no l o n g e r be taken as f i x e d , 
the problem of i n v e s t m e n t s to i n c r e a s e the c a p a c i t i e s of p r o d u c t i o n b e -
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comes r e l e v a n t and long range models are f o r m u l a t e d . The u s u a l h o r i z o n 
per iod i s f i v e y e a r s i n a g r i c u l t u r e , but l on ger or s h o r t e r p e r i o d s can 
be i n c l u d e d , depending on the l e n g t h of t ime over which i n v e s t m e n t s b e ­
come p r o f i t a b l e or mature . For g e n e r a l p u r p o s e s , s e e P a r i e n t h e [ 1977] , 
and f o r a g r i c u l t u r a l dynamic m o d e l s , s e e Bishay [ 1 9 7 4 ] . We n o t e that 
longer range models of 15-20 y e a r s are a l s o h e l p f u l to l i m i t the frame­
work in which the whole economy or a p a r t i c u l a r s e c t o r are to change . 
They d e a l w i th s t r a t e g i c v a r i a b l e s such as growth r a t e , c a p i t a l f o r m a t i o n , 
and f u l l employment, and t h e i r use i s more spread in c o u n t r i e s w i t h a 
c e n t r a l p lann ing p r o c e s s , 
c ) Sp a_t i _aJLj^X_i\£SA9 1 1 - g J L _ P intension 
B a s i c a l l y , when the geographic l o c a t i o n i s needed, t h i s d imens ion 
i s in troduced and the models can be formulated a t the l e v e l of the e n t i r e 
economy, a unique s e c t o r , or s u b s e c t o r . 
In an a g r i c u l t u r a l sys tem, the r e g i o n a l p r o d u c t i o n p o s s i b i l i t i e s , 
the n a t u r a l d i f f e r e n c e s in s o i l and c l i m a t e , and the i n t e g r a t i o n w i t h 
o t h e r s e c t o r s of the economy are very important . 
For i n s t a n c e , the c h a r a c t e r i s t i c s of each r e g i o n i n f l u e n c e g r e a t l y 
the s i z e of farms, the methods of p r o d u c t i o n , and the t y j e s of c rops to 
be p l a n t e d . The topo logy of the land can impose a s p e c i f i c t e c h n o l g y and 
i t s type can e x c l u d e c e r t a i n crops from be ing grown. R e l a t i v e y i e l d s are 
dependent on not only s o i l and c l i m a t e c o n d i t i o n s , but a l s o on t h e a v a i l ­
a b i l i t y of r e s o u r c e s and t e c h n o l o g y l e v e l s . In some c a s e s , i n s t i t u t i o n a l 
c o n s t r a i n t s can a l s o p lay a major r o l e . Moreover, the s p a t i a l a s p e c t i s 
b a s i c in a g r i c u l t u r a l p l a n n i n g , because of the d i s t r i b u t i o n of the land 
among d i f f e r e n t r e g i o n s . 
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d) S p e c i f i c Elements P e c u l i a r to Deve lop ing Countr i e s 
So f a r , we presented the problem of a g r i c u l t u r a l p lann ing in 
broad terras. There a r e , however, some major i s s u e s r e l a t i n g t o d e v e l o p i n g 
economies . These i s s u e s have no t r e c e i v e d an adequate t rea tment in 
the l i t e r a t u r e . Heady [1975] s t a t e s : "S ince the o b j e c t i v e s of a g r i c u l t u r a l 
development and c o n s t r a i n t t y p e s are q u i t e d i f f e r e n t in t h e s e c o u n t r i e s , 
s p a t i a l a g r i c u l t u r a l p lanning models need to be adapted t o the main c h a r ­
ge t e n .-it i c s of t h e i r a g r i c u l t u r e . " But he a l s o n o t e s : "Developing coun­
t r i e s have n o t w i d e l y used i n t e r r e g i o n a l models for a g r i c u l t r u a l p o l i c y 
making because they have been unable to f u l f i l l the p r e r e q u i s i t e s f o r 
model b u i l d i n g . " The p r e r e q u i s i t e s a r e : 
- The e x i s t e n c e of a mathemat ica l t o o l t o formula te and s o l v e the 
problem. 
- The a v a i l a b i l i t y of computing f a c i l i t i e s of the requ ired magni tude . 
- The a v a i l a b i l i t y of the v a s t amount of b a s i c data f o r v a r i o u s 
homogeneous r e g i o n s . 
More r e c e n t l y , r e s e a r c h e r s s t a r t e d a d d r e s s i n g t h i s problem and 
e f f o r t s have been underway to c r e a t e the p r e r e q u i s i t e f o r b u i l d i n g s p a t i a l 
models in d e v e l o p i n g c o u n t r i e s . Duloy and Norton [1973] and Bishay [1974] 
inc luded v a r i o u s o b j e c t i v e s of a g r i c u l t u r a l development and i n c o r p o r a t e d 
c o n s t r a i n t s on p r o d u c t i o n , t r a n s p o r t a t i o n c o s t s , and inves tment c a p a b i l i t i e s . 
Other s t u d i e s , such as t h o s e by Randhawa and Heady [1964] and A l v i n and 
Hyung [1975 ] i n c l u d e d only a few f a c t o r s of p r o d u c t i o n , for example , land 
c o n s t r a i n t s . Genera l ly s p e a k i n g , t h e s e s t u d i e s c o n s i d e r a few a s p e c t s of 
the problem, use a g g r e g a t e mode l s , and may be c o n s i d e r e d only as a f i r s t 
s t e p in d e v e l o p i n g more complete mode l s . 
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e) What_ _This__Thesis i s A t t e m p t i n g t o Do : 
We have seen d i f f e r e n t t y p e s of p l a n n i n g and t h e i n f o r m a t i o n t h a t 
can be d e r i v e d from them. A more r e a l i s t i c and c o m p r e h e n s i v e p l a n n i n g 
s h o u l d c o n s i s t s n o t o n l y of one m o d e l , b u t of a whole s y s t e m of i n t e r ­
r e l a t e d m o d e l s , a s i l l u s t r a t e d i a F i g u r e 2 , so a s t o c a p t u r e t h e t o t a l i t y 
of t h e p r o d u c t i o n p r o c e s s and t h e d i v e r s i t y of f a c t o r s which can i n ­
f l u e n c e d i r e c t l y and i n d i r e c t l y t h e a l l o c a t i o n p rob lem of r e s o u r c e s i n 
a g r i c u l t u r e , b e c a u s e we canno t d i s s o c i a t e l o n g - t e r m p l a n s from y e a r l y 
p l a n s o r d a y - t o - d a y management o p e r a t i o n s , no r can we s e p a r a t e t h e t r e a t ­
ment of i n d i v i d u a l s e c t o r s from t h a t of t h e t o t a l economy. 
Development of such a sy s t em of i n t e r r e l a t e d models n e e d s t i m e 
and r e s o u r c e s . So , ou r aim i s t o c o n c e n t r a t e on a u n i q u e a r e a , t h a t of 
d e v e l o p i n g a s h o r t - t e r m model f o r r e g i o n a l a l l o c a t i o n of c r o p s i n t h e 
a g r i c u l t u r a l s e c t o r . The i d e a I s d e p i c t e d i n F i g u r e 2, which g i v e s t h e 
s c o p e of t h e s t u d y a s r e p r e s e n t e d by t h e h a t c h e d s u r f a c e on a t h r e e -
d i m e n s i o n a l s c a l e : t i m e - w i s e , t h e model w i l l be s t a t i c , s p a c e - w i s e , i t 
v ; i l l be r e g i o n a l ; and e c o n o m i c s - w i s e , i t w i l l be s e c t o r a l . I n a d d i t i o n , 
i t w i l l be a d a p t e d to i n c l u d e t h e s p e c i f i c e l e m e n t s p e c u l i a r t o d e v e l o p ­
i n g c o u n t r i e s . 
1.2 The _Use__o_f̂  M a t h e m a t i c a l Programming Models 
i n t he Aj^r j c u 1 1 1 i r a l Sec t o r 
a ) G e n e r a l Con s i d e r a t i o n s 
S i n c e t he a g r i c u l t u r a l s e c t o r i s v i t a l f o r t h e e n t i r e economy, 
any c h a n g e s i n t h e economic s y s t e m , such a s demands o r t e c h n o l o g y , a r e 
r e f l e c t e d a t d i f f e r e n t l e v e l s . T r a d e - o f f s i n p r o d u c t i o n o c c u r 
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on both an i n t e r r e g i o n a l and i n t r a r e g i o n a l b a s i s . P a t t e r n s f o r u s i n g 
r e s o u r c e s can change not on ly the product ion mix and i t s magni tude , but 
a l s o the s p a t i a l d i s t r i b u t i o n of crops and the ways r e s o u r c e s are combined. 
I t i s then important to be a b l e to determine the b e s t r e g i o n a l a l l o c a t i o n 
of crops f o r the most e f f i c i e n t u s e ot the a v a i l a b l e r e s o u r c e s , under 
c e r t a i n p r e v a i l i n g c o n d i t i o n s , and to e s t i m a t e t h e p o s s i b l e changes r e ­
s u l t i n g from new p o l i c i e s b e f o r e t h e i r implementa t ion . For t h i s purpose , 
mathemat ica l programming t o o l s can prov ide v a l u a b l e ways of model ing the 
d i f f e r e n t i n t e r a c t i o n s and answering t h e s e q u e s t i o n s . S e l e c t e d r e f e r ­
ences for d i f f e r e n t m e t h o d o l o g i c a l a s p e c t s of model ing in a g r i c u l t u r e 
a r e : Bruckman [ 1 9 7 5 ] , Chen [1976J, Garrod and Adams [ 1 9 7 7 ] , Grooms [ 1 9 7 7 ] , 
Pugh [ 1 9 7 7 ] , and Rose [ 1 9 7 7 ] . 
Another c l a s s of models w i d e l y used in a g r i c u l t r u a l p lann ing i s 
e c o n o m e t r i c s . Normally t h e s e models are not d e t a i l e d enough to be o p e r ­
a t i o n a l , and u s u a l l y i n c l u d e s e c t o r s o t h e r than the a g r i c u l t u r a l s e c t o r . A 
review of t h e s e models can be found in J u s t [1972] and King [ 1 9 7 5 ] . 
In a d d i t i o n to mathemat ica l programming and econometr ic mode l s , 
s i m u l a t i o n models have a l s o found some use in a g r i c u l t u r e . In g e n e r a l , 
t h e i r use i s r e s t r i c t e d to p l a n t growth p r o c e s s e s and management p r o b ­
lems a t a micro ] ( ? v e l f a s in the work of Jones [ 1 9 7 6 ] , V r i e s [ 1 9 7 7 ] , and 
Waggoner [1977 ] , or s i m u l a t i n g economic development a t an a g g r e g a t e l e v e l 
such as in N e l l o r and Madah.. r [ 1 9 7 4 ] . 
L inear Programming and i t s e x t e n s i o n s seem t o be the most w i d e l y 
used t o o l in a g r i c u l t u r a l p l a n n i n g . Textbooks are now a v a i l a b l e t h a t 
c o v e r the b a s i c s of l i n e a r programming in a g r i c u l t u r e . For d e t a i l s , the 
reader may r e f e r to Heady and Candler [ 1 9 5 8 ] , Camdus [ 1 9 6 9 ] , 
10 
Agrawal and Heady [ 1 9 7 2 ] , Beneke and Winterboer [ 1 9 7 3 ] , and Barnard and 
Nix [ 1 9 7 3 ] . 
Mathematical programming can p r o v i d e d e t a i l s a t both n a t i o n a l and 
r e g i o n a l l e v e l s . At the n a t i o n a l l e v e l s , d e t a i l s w i l l h e l p a d j u s t p r i c e s 
and supply t o meet the demands and e s t a b l i s h i n t e r d e p e n d e n c e among r e g i o n s . 
At the r e g i o n a l l e v e l , t h e s e models can h e l p measure the f l e x i b i l i t y of 
r e s o u r c e s w i t h i n the r e g i o n s and the p o s s i b i l i t i e s of s u b s t i t u t i o n of f a c ­
t o r of p r o d u c t i o n between r e g i o n s and determine the impact on the i n d i v i d ­
u a l farms. The f o r m u l a t i o n of such a model t a k e s on the g e n e r a l form: 
Problem P Maximize f ( x ) = Z (1) 
Subjec t t o g 1 ( x ) - D (2) 
g 2 ( x ) < R (3) 
Where: 
h ( x ) < B ( 4 ) 
x ; i s a v e c t o r of r e l e v a n t product ion such as crops and 
1 i v e s t o c k 
f ( x ) : i s t h e f u n c t i o n a l form of the o b j e c t i v e d e s i r e d . 
D: i s a v e c t o r of demands t o be met 
R: i s a v e c t o r of a v a i l a b l e r e s o u r c e s 
g ^ ( x ) : i s the f u n c t i o n a l r e l a t i o n s h i p of i n t e r a c t i o n s between 
x and D 
g £ ( x ) : i s the f u n c t i o n a l r e l a t i o n s h i p of the i n t e r a c t i o n between 
x and R 
h ( x ) 5. B i s a bound r e l a t i o n s h i p . 
T h i s f o r m u l a t i o n can be adapted to encompass a l l the a s p e c t s men-
t i o n e d in the above s e c t i o n s . Namely, for a r e g i o n a l a n a l y s i s , t h e v e c t o r 
x w i l l i n c l u d e p r o d u c t i o n a c t i v i t i e s by reg ion and t r a n s p o r t a t i o n a c t i v ­
i t i e s between r e g i o n s . The v e c t o r D w i l l i n c l u d e demands at both r e g i o n a l 
and n a t i o n a l l e v e l s f o r the a c t i v i t e s to be chosen by the model . The 
v e c t o r R w i l l i n c l u d e the r e s o u r c e a v a i l a b i l i t i e s at the r e g i o n a l l e v e l , 
and i f any, a t the n a t i o n a l l e v e l . Any o t h e r exogenous c o n s t r a i n t s w i l l be 
i n c l u d e d in the form of bounds in e q u a t i o n (4) above . 
The s p e c i f i c a t i o n s of the c o e f f i c i e n t s w i l l a l s o r e f l e c t any p a r ­
t i c u l a r p o l i c i e s to be t e s t e d , such c a s e s are t r e a t e d by S a l a v e r r y [1969] 
a^d Cotsch [ 1 9 7 5 , i , i i ] . 
b) The Non-L_inear frogramming Form (NLP) 
In t h i s c a s e , the o b j e c t i v e f u n c t i o n and/or the c o n s t r a i n t s are 
n o n l i n e a r . The n o n l i n e a r ! t i e s are u s u a l l y due to r e t u r n s to s c a l e or to 
the i n c l u s i o n of r i s k c o n s i d e r a t i o n . The most f requent f o r m u l a t i o n i s 
q u a d r a t i c , as found i n Takayama and Judge [ 1 9 6 4 ] , Simmons and Pomareda 
[1975 ],Wiens [1976 ] , and Adams, King, and Johnston [ 1 9 7 7 ] . 
c) The Linear Programming Form (LP) 
When the v e c t o r x i s c o n t i n u o u s and the f u n c t i o n a l r e l a t i o n s h i p s 
in problem (P_) above are l i n e a r , the problem i s a pure l i n e a r program. 
For d e t a i l s on the use of l i n e a r programming in a g r i c u l t u r e the reader may 
c o n s u l t Yartengo [ 1 9 6 9 ] , Luper t i [ 1 9 7 0 ] , Ba l ika and Somogyi [ 1 9 7 0 ] , Eyvind-
son [1972] Chew [ 1 9 7 2 ] , Acsay [ 1 9 7 3 ] , Kondakov [ 1 9 7 5 ] , and Walker and 
Monnypenny [ 1 9 7 6 ] . These r e f e r e n c e s mos t ly t r e a t the m e t h o d o l o g i c a l a s p e c t s 
r e l a t e d to the use of l i n e a r programming and to tin- u n d e r l y i n g a s s u m p t i o n s . 
Even though l i n e a r programming has been used e x t e n s i v e l y and can 
s o l v e l a r g e problems e f f i c i e n t l y , i t has some s e v e r e l i m i t a t i o n s which 
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reduce the model ing p o s s i b i l i t i e s . For i n s t a n c e , the assumption of l i n e a r ­
i t y p r o h i b i t s the i n c l u s i o n of economies of s c a l e . For smal l examples , 
ways to i n c l u d e t h e s e a s p e c t s are t r e a t e d in Irwin 1974 and Rae 1977 
d ) The Goal Programming Form (GP) 
This form has not been adapted to r e g i o n a l a n a l y s i s even though 
i t i s s i m i l a r i n s t r u c t u r e to l i n e a r programming. I t o f f e r s , however, a 
major f l e x i b l i t y by a l l o w i n g a number of g o a l s which are not n e c e s s a r i l y 
compat ib l e to be taken i n t o account s i m u l t a n e o u s l y . 
Each g o a l i s formulated as an e q u a l i t y c o n s t r a i n t w i t h the a d d i t i o n 
of two v a r i a b l e s which r e p r e s e n t any underachievement or overachievement 
of the g o a l t a r g e t . 
t h e j t h a c t i v i t y towards t h e 
Then t h e t ^ g o a l can be formu-
where x . i s the l e v e l of a c t i v i t y f o r j 
3 
n = underachievement of t h e t g o a l 
p = overachievement of the t*"*1 g o a l 
X j ' n t ' P t " ° 
The o b j e c t i v e f u n c t i o n , a l s o c a l l e d achievement f u n c t i o n , can take two 
g e n e r a l forms: 
- I f a l l the g o a l s to be ach i eved are c o n s i d e r e d e q u a l l y important , 
then t h e o b j e c t i v e i s t o minimize Iw (n ,P ) , a sum of we ighted 
Let m = number of a c t i v i t i e s 
A . = per u n i t c o n t r i b u t i o n of 
t j 
achievement of g o a l t . 
G v = t a r g e t f o r the g o a l . 
l a t e d a s : 
t 
13 
d e v i a t i o n s . 
- I f t h e r e i s a p r i o r i t y s t r u c t u r e to be o b s e r v e d , then the o b -
o b j e c t i v e i s t o min imize : 
S = { P ^ n ^ P j ) * Z 2( n 2>P2^ *** — t ^ n t ' P t ^ 
where P_ ,̂ P^'***'— t a r e t ^ e o r d e r e d p r i o r i t i e s on t h e g o a l s p r o ­
j e c t e d . The procedure w i l l s t a r t by f i n d i n g t h e s o l u t i o n s t h a t o p t i m i z e 
the f i r s t g o a l . Among t h e s e s o l u t i o n s one f i n d s the s e t of s o l u t i o n s t h a t 
o p t i m i z e the subsequent g o a l , and so f o r t h . 
I t i s t o be noted t h a t by adequate c h o i c e of the f o r m u l a t i o n and 
t h e w e i g h t s , the problem can be s e t t o handle the c a s e s where the g o a l s 
are t o be met e x a c t l y , a t l e a s t t o a c e r t a i n l e v e l , or at most a t a c e r t a i n 
l e v e l . For a formal e x p o s i t i o n of the method and i t s e x t e n s i o n s , t h e 
reader may r e f e r to "Benayon 1971 and I g n i z i o 1976 + Some a p p l i c a t i o n s 
can be found in Nee ly [1976] f o r f o r e s t r y , Hasenauer [1976], P r i c e [1976] 
Charnes and Cooper [1961], f o r i n d u s t r i a l problems. 
1.3 The Proposed Research , I t s S i g n i f i c a n c e , 
and O b j e c t i v e s 
The problems under c o n s i d e r a t i o n can be s t a t e d p r e c i s e l y as t h a t 
of f o r m u l a t i n g a mathemat ica l programming model to determine t h e b e s t 
a l l o c a t i o n of crops and l i v e s t o c k in a s e t of r e g i o n s which share 
c e r t a i n numbers of o b j e c t i v e s . M e t h o d o l o g i c a l l y , a d i f f e r e n t approach i s 
t o be used to i n c l u d e the important f a c t o r s of r e g i o n a l d i f f e r e n c e s , crop 
i n t e r d e p e n d e n c i e s , and the d i f f e r e n t g o a l s under c o n s i d e r a t i o n . The 
model w i l l be des igned t o i n c l u d e the main f e a t u r e s of l e s s d e v e l o p e d 
economies , but would be f l e x i b l e enough t o be adapted i n any area where 
t h e geograph ic d i s t r i b u t i o n of crops i s important . The s i g n i f i c a n c e 
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of the problem can be viewed in two ways . F i r s t , through the l i t e r a ­
ture s u r v e y , i t appears that r e g i o n a l s t u d i e s are mos t ly e q u i l i b r i u m 
models tha t assume a f r e e market and complete i n f o r m a t i o n . The o b j e c ­
t i v e i s a lmos t a lways the maximiza i ton of p r o f i t under d i f f e r e n t forms . 
But in the c a s e of d e v e l o p i n g economies , the above assumpt ions are im­
p o s s i b l e to j u s t i f y and more r e a l i s t i c ones need to be f o r m u l a t e d . 
For i n s t a n c e , the a g r i c u l t u r a l s e c t o r s u f f e r s from a number of i n ­
s u f f i c i e n c i e s , and a t the same t i m e , i s the source of income f o r the 
m a j o r i t y of the p o p u l a t i o n ; t e c h n o l o g i c a l l y , i t i s far behind the l e v e l s 
ach ieved in advanced c o u n t r i e s . I t s growth i s not homogeneous, t h a t 
i s , i t i s d i v i d e d i n t o two main p a r t s , one part i s u s u a l l y p r i v a t e l y owned 
and u s e s t r a d i t i o n a l methods of product ion and has a l abor i n t e n s t i v e 
product ion f u n c t i o n ; the o ther p a r t , under government c o n t r o l , u s e s more 
s u b s i d i e s and a r e l a t i v e l y modern t e c h n o l o g y , and i s more c a p i t a l i n ­
t e n s i v e . Because of the lack or l i m i t e d i n d u s t r y , the a g r i c u l t u r a l s e c t o r 
c a r r i e s the charge of f e e d i n g the e n t i r e p o p u l a t i o n ; t h i s emphas izes the 
c r u c i a l r o l e of a g r i c u l t u r a l employment and government s u b s i d i e s in the 
p o l i c y making p r o c e s s of t h e s e c o u n t r i e s . I t i s a l s o t o be noted t h a t 
s e l f - s u f f i c i e n c y very seldom o c c u r s and i m p o r t a t i o n i s the r u l e i n most 
c a s e s . Thus, the f o l l o w i n g q u e s t i o n s a r i s e : Are t r a d i t i o n a l mathemat ica l 
programming t o o l s capable of model ing the above d e s c r i b e d s i t u a t i o n ? What 
forms would the r e s u l t i n g models take? And could they be s o l v e d e f f i c i e n t l y ? 
Second ly , an important o b j e c t i v e of t h i s s tudy i s to i n c l u d e more r e a l i s ­
t i c a s p e c t s of the produc t ion p r o c e s s , such as l i m i t i n g r e s o u r c e s o t h e r 
than l a n d , l i k e w a t e r , f e r t i l i z e r , and l a b o r , and to e x p l i c i t l y model the 
r o t a t i o n r e l a t i o n s h i p s . A t r a n s p o r t a t i o n model w i l l be b u i l t i n t o the 
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r e g i o n a l problem to account for the e f f e c t of t r a n s p o r t a t i o n c o s t s and 
c a p a c i t i e s on the optimum s o l u t i o n . In o t h e r s t u d i e s , t h i s l e t t e r a s p e c t 
i s e i t h e r o m i t t e d , or e l s e d i f f e r e n t market r e g i o n s , which are i n d e p e n ­
dent of the producing o n e s , a r e d e f i n e d . Based on the problem s t a t e d 
above and i t s s i g n i f i c a n c e , our o b j e c t i v e i s to deve lop a model to d e t e r ­
mine the g e o g r a p h i c a l l o c a t i o n of crop and l i v e s t o c k p r o d u c t i o n , and i n t e r ­
r e g i o n a l commodity f l o w s , in a manner c o n s i s t e n t not on ly w i t h the c h a r ­
a c t e r i s t i c s of each crop in each r e g i o n , but a l s o w i t h the economic 
c h a r a c t e r i s t i c s of the s e c t o r in d e v e l o p i n g economies . The emphasis w i l l 
not be on p r o f i t m a x i m i z a t i o n , but r a t h e r on a c h i e v i n g c e r t a i n s t r a t e g i c 
g o a l s such as demand s a t i s f a c t i o n , employment, and minimum f o r e i g n - t r a d e 
d e f i c i t . Thus, our o b j e c t i v e i s s u b s t a n t i a l l y d i f f e r e n t from what has 
been done , because in a d d i t i o n to economic wo 11a r e , an income d i s t r i b u ­
t i o n dimension w i l l be introduced i n t o the model to account ' for the im­
portance nf employment in deveLoping economies . 
The model is aimed to h e l p r e a d j u s t the s p a t i a l d i s t r i b u t i o n of 
p r o d u c t i o n on the b a s i s of comparat ive advantage and r e g i o n a l n e e d s . In 
o t h e r words , a q u e s t i o n to b<? answered i s : are the d e v e l o p i n g c o u n t r i e s 
u s i n g t h e i r a g r i c u l t u r a l r e s o u r c e s e f f i c i e n t l y and g e t t i n g the most of 
i t ? I f n o t , what needs to he a d j u s t e d ? 
F i n a l l y , our method of approach w i l l be t o use a g o a l programming 
f o r m u l a t i o n and adapt i t to take advantage of s i m p l e x r o u t i n e s f o r s o l u ­
t i o n p u r p o s e s . Note that a c t i v i t i e s such as s e l l i n g , s t o r i n g and h i r i n g 
labor w i l l not be c o n s i d e r e d , f o r t h e i r impact on the a l l o c a t i o n problem 
i s m a r g i n a l . Management problems are i m p l i c i t i n the d e l i n e a t i o n between 
tht; modern and the t r a d i t i o n a l part of the a g r i c u l t u r a l s e c t o r . The 
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a c t i o n s and a t t i t u d e s of i n d i v i d u a l producers are not important in our 
a n a l y s i s because we assume a c e n t r a l l y planned economy in which 
p r i c e s and demands are known in advance . 
Sjl^cj f i c Ob j e e t l v e s 
L i v e s t o c k and crop f i e l d s are analyzed s i m u l t a n e o u s l y in t h i s 
s tudy t o : 
1) Formulate a model for a n a l y z i n g i n t e r r e g i o n a l adjustment 
and e f f i c i e n t r e s o u r c e a l l o c a t i o n , 
2) Determine the opt imal land use and the s p a t i a l a l l o c a t i o n of 
of a g r i c u l t u r a l p r o d u c t i o n s 
3) Determine what change would occur r e l a t i v e to the e x i s t i n g 
p a t t e r n s r e s u l t i n g from: 
- demand and output requirements 
- t r a n s p o r t a t i o n c o s t s 
- t e chno logy requ irements 
5) Tes t and evaluate- the g o a l programming f o r m u l a t i o n f o r two 
r e a l world examples . This t echn ique i s a l s o compared w i t h 
the l i n e a r programming r e s u l t s u s ing the more c o n v e n t i o n a l 
c o s t m i n i m i z a t i o n and r e t u r n maximizat ion o b j e c t i v e s . 
6) Test the model for two r e a l world problems of d i f f e r e n t 
s i z e s , the f i r s t from A l g e r i a and the second from Egypt . 
1^4 O u t l i n e of the T h e s i s 
We w i l l p r e s e n t a l i t e r a t u r e survey in chapter two, that w i l l e n ­
a b l e us to look a t the d i f f e r e n t f o r m u l a t i o n s , t h e i r p u r p o s e s , t h e i r c o n ­
t e x t s and the d i f f e r e n t t e c h n i q u e s used to s o l v e them. We w i l l emphasize 
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the i n s u f f i c i e n c i e s w i t h regard t o our problem and compare some of t h e 
approaches u s e d . 
In chapter t h r e e we w i l l d e v e l o p the t h e o r e t i c a l model . This 
i n c l u d e s the d e f i n i t i o n of the u n i t r e g i o n , the d e c i s i o n v a r i a b l e s , the 
c o n s t r a i n t s e t , and the o b j e c t i v e f u n c t i o n . We w i l l a l s o s t a t e the under ­
l y i n g assumpt ions and p r e s e n t some d e t a i l s on the s o l u t i o n p roced u re . 
Chapter four w i l l be an a p p l i c a t i o n of the model t o an A l g e r i a n two-
r e g i o n c a s e . We w i l l s t a t e the a s s u m p t i o n s , the data s o u r c e , and p r e s e n t 
the r e s u l t s a long w i t h t h e i r i n t e r p r e t a t i o n s . Chapter f i v e w i l l be an 
a p p l i c a t i o n to a n i n e - r e g i o n model from Egypt . The data s o u r c e s and d e ­
r i v a t i o n of c o e f f i c i e n t s w i l l be d i s c u s s e d t o g e t h e r w i t h the assumption 
and a d a p t a t i o n of the model to the Egypt ian a g r i c u l t u r e . The s o l u t i o n 
w i l l then be d i s c u s s e d and e m p i r i c a l r e s u l t s e v a l u a t e d . 
F i n a l l y , in chapter s i x , recommendations w i l l be made f o r d i r e c t i o n s 
in which both the model and the s o l u t i o n procedure can be r e f i n e d to h e l p 
the i n t e r r e g i o n a l a l l o c a t i o n i n the a g r i c u l t u r a l s e c t o r . 
18 
CHAPTER I I 
LITERATURE SURVEY 
As noted in chapter one , the problem of e f f i c i e n t a l l o c a t i o n of 
r e s o u r c e s i n a g r i c u l t u r e i s c r i t i c a l . Many c o u n t r i e s have experimented 
w i t h q u a n t i t a t i v e methods as a i d i n g t o o l s i n the p r o c e s s of d e s i g n i n g 
a g r i c u l t u r a l p l a n s t h a t are c o n s i s t e n t w i t h the o v e r a l l economic o b j e c t i v e s 
and t h a t could be used to e v a l u a t e the impact of c e r t a i n p o l i c i e s . 
The purpose of t h i s chapter i s to rev iew d i f f e r e n t models encoun­
t e r e d in the l i t e r a t u r e and to rev i ew the methods of s o l u t i o n . This w i l l 
enab le us t o d e r i v e some of the d i f f i c u l t i e s i n h e r e n t t o the d i f f e r e n t 
approaches and t o p o i n t out the r e l a t i o n s h i p of t h i s t h e s i s t o t h e c u r r e n t 
l i t e r a t u r e . 
Models are s p e c i a l i z e d i n d i f f e r e n t ways accord ing to economic 
f u n c t i o n s , s e c t o r s , r e g i o n s , or t ime p e r i o d s . We w i l l be f o c u s i n g our 
a t t e n t i o n on r e g i o n a l and s e c t o r a l a g r i c u l t u r e m o d e l s , both s t a t i c and 
dynamic. Depending on the f o r m u l a t i o n adopted , t h e s e models can be used 
i n d e c i d i n g , f o r example, the t i m i n g , l o c a t i o n , and s c a l e of the a g r i c u l ­
t u r a l p r o d u c t i o n , or i n e v a l u a t i n g the impacts of some p o l i c y i n s t r u m e n t s 
such as s u b s i d i e s , q u o t a s , and government programs. They range from 
a g g r e g a t e s e c t o r models to d e t a i l e d farm mode l s . 
2.1 S t a t i c Linear Programming Models 
These are the most w i d e l y used models because of the p o s s i b i l i t y 
o f f e r e d by l i n e a r programming t o formulate and s o l v e very l a r g e problems . 
They are b a s i c a l l y s t a t i c in t h a t they u s u a l l y i n c o r p o r a t e p o l i c i e s which 
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which have to be e f f e c t i v e w i t h i n a per iod of one y e a r . The annual d e ­
c i s i o n concerning the s p a t i a l a g r i c u l t u r a l product mix r e p r e s e n t an exam­
p l e of a s t a t i c model . 
a ) Maximum-Return Models 
The type of f o r m u l a t i o n i s based on the maximizat ion of some 
measure of w e l f a r e : 
Problem MRLP Maximize f (R) = 
Subjec t to 
= XR 
AX < L 
BX > - D 
X > 0 
where X i s a v e c t o r of r e g i o n a l a c t i v i t i e s , R a v e c t o r of r e t u r n , 
A a matr ix of r e g i o n a l land input c o e f f i c i e n t s , L a r e g i o n a l v e c t o r of 
land r e s o u r c e s , B a matr ix of demand c o e f f i c i e n t s and D a v e c t o r of d e ­
mands . 
There a r e , however, some b a s i c d i f f e r e n c e s between the d i f f e r e n t 
models i n t h i s c a s e . Heady and S r i v a s t a v a [1975] s p e c i f y R to be a v e c t o r 
of n e t r e g i o n a l r e t u r n s and the demand v e c t o r to be a v e c t o r of n a t i o n a l 
demand f o r g r a i n crops o n l y . In another s tudy by Heady and Raridhawa f o r 
the Indian a g r i c u l t u r e [ 1 9 6 4 ] , R i s a v e c t o r of v a l u e s of output per a c r e , 
the demands are a l s o s p e c i f i e d for c e r t a i n s e l e c t e d crops o n l y , and w e l f a r e 
economic c o n s t r a i n t s are inc luded t o a s s u r e a minimum r e g i o n a l income. 
R e l a t e d t o the same formula t ion are s t u d i e s by Hopper [ 1 9 6 5 ] , Sahota 
[ 1 9 6 8 ] , and F o l k e s s o n [ 1 9 6 8 ] . 
More d e t a i l e d s t u d i e s a l s o e x i s t , such as tha t by Bishay [ 1 9 7 4 ] , 
i n which ne t r e v e n u e s , w i t h output and input p r i c e s e v a l u a t e d at the world 
market p r i c e s , are maximized s u b j e c t to r e g i o n a l and n a t i o n a l r e s o u r c e s 
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market p r i c e s , are maximized s u b j e c t to r e g i o n a l and n a t i o n a l r e s o u r c e s 
which are extended to i n c l u d e labor and1 water r e s o u r c e s . Fore ign a i d 
and t r a n s p o r t a t i o n c o s t s are then in troduced to prov ide e x t e n s i o n s to 
the b a s i c model and an economic i n t e r p r e t a t i o n of the dual v a r i a b l e s i s 
p r o v i d e d . 
We n o t e t h a t t h e s e models do not i n c o r p o r a t e e x p l i c i t l y e i t h e r crop 
r o t a t i o n s , or d i f f e r e n t product ion f u n c t i o n s f o r the same c r o p . These 
l a t t e r c h a r a c t e r i s t i c s are u s u a l l y found i n s t u d i e s c a r r i e d out a t the 
l e v e l of the farm, t h a t i s , when the problem i s no longer of the r e g i o n a l 
a l l o c a t i o n t y p e . A p a r t i c u l a r l y i n t e r e s t i n g s tudy was performed by 
Kerry and Edwards [1968] . I t i n c o r p o r a t e s e x p l i c i t land r e l a t i o n s h i p s 
and i n v e s t i g a t e s f a c t o r s tha t may l i m i t l i n e a r programming as a p r e d i c ­
t i v e t o o l i n a g r i c u l t r u a l supply r e s p o n s e s t u d i e s . The c o n c l u s i o n s drawn 
from the s tudy c e n t e r around the d i f f i c u l t y of measuring and p r e d i c t i n g 
i n d i v i u d a l f a r m e r ' s p r e f e r e n c e s . 
Heady and Lof t sgard [ 1 9 7 3 ] , d e t a i l e d a g r i c u l t u r a l t a s k s and p r a c t i c a l 
use by Candler [ 1 9 7 7 ] , and computer o r i e n t e d s t u d i e s by Larson and Hogg 
b) Minimum-Cost Models 
The g e n e r a l f o r m u l a t i o n of a minimum c o s t r e g i o n a l model of p r o ­
d u c t i o n and a l l o c a t i o n i s as f o l l o w s : 
More s t u d i e s i n t h i s c l a s s i n c l u d e s o i l f e r t i l i t y d i f f e r e n c e s by 
[ 1 9 7 7 ] . 
R R R 
Problem MCLP Minimize I C X + H T Y _ n r r L L r s r s r = l r s 
R R 




r = 1,..., R 
B X < S r = 1 , . . . , R 
r r r 
X, Y * 0 
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The o b j e c t i v e f u n c t i o n i s t h a t of m i n i m i z a t i o n of p r o d u c t i o n and t r a n s ­
p o r t a t i o n c o s t s over the r e g i o n a l product ion a c t i v i t i e s and t r a n s p o r t ­
ed commodit ies Y. Here , A i s the output matr ix of r e g i o n r , d i s t h e 
r r 
demand v e c t o r i n r e g i o n r , B̂ _ i s t h e input matr ix i n r e g i o n r , i s t h e 
v e c t o r of r e s o u r c e s supply i n r e g i o n r , i s the u n i t p r o d u c t i o n c o s t 
v e c t o r i n r e g i o n r , and T i s the u n i t t r a n s p o r t a t i o n c o s t v e c t o r from ° r s 
r e g i o n r t o r e g i o n s . 
A d d i t i o n a l c o n s t r a i n t s may be added to i n c l u d e t r a n s p o r t a t i o n of 
i n p u t s , i n which c a s e the input m a t r i x w i l l be p a r t i t i o n e d i n t o B™, B^ , 
where i s t h e matr ix of mobi l e f a c t o r s such as w a t e r , c a p i t a l , and i n 
some i n s t a n c e s , l a b o r , and B 1 i s the matr ix of immobile f a c t o r s such as 
r 
l a n d . A l s o , bounds on t r a n s p o r t a t i o n a c t i v i t i e s can be added to r e f l e c t 
l i m i t a t i o n s i n the c a p a c i t y of the t r a n s p o r t a t i o n network. Bounds on 
r e g i o n a l product ion a c t i v i t i e s can be added to r e f l e c t i n s i t u t i o n a l c o n ­
s t r a i n t s . 
Probably the most complete s t u d i e s i n t h i s c l a s s of problems are 
t h o s e covered i n the book of Heady and S r i v a s t a v a 1975 , They b r i n g t o ­
g e t h e r the r e s u l t s of more than 20 y e a r s of r e s e a r c h in a p p l y i n g program­
ming m o d e l s , e s s e n t i a l l y l i n e a r , t o the problems of produc t ion and ' 
r e g i o n a l a l l o c a t i o n s in the U. S. a g r i c u l t u r e . The work i s a p r o g r e s s i o n 
from a s imple p r o t o t y p e model of r e g i o n a l product ion and d i s t r i b u t i o n to 
models t h a t a l l o w f o r c o n s i d e r a b l e d e t a i l through the i n c l u s i o n of such 
f a c t o r s as d i f f e r e n t t e c h n o l o g i e s , t r a n s p o r t a t i o n c o s t s , domes t i c and e x ­
port r e l a t i o n s h i p s , d i f f e r e n t p r i c i n g and income, d i f f e r e n t farm s i z e s and 
land c l a s s e s , and environmental i m p a c t s . More s p e c i a l i z e d s t u d i e s are 
done by N i c h o l , Heady, and Wade [ 1 9 7 3 ] , and N i c h o l , Heady,and Howard [ 1 9 7 4 ] . 
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A l a r g e s c a l e l i n e a r program to e s t i m a t e the demand f o r land and 
water used i n U. S. a g r i c u l t u r e i s developed by N i c h o l and Heady 1975 . 
This s tudy i n c o r p o r a t e s a l l major a g r i c u l t u r a l a c t i v i t i e s , land r e s o u r c e s 
f o r 223 a g r i c u l t u r a l producing r e g i o n s , water r e s o u r c e s f o r 51 water supply 
r e g i o n s , and 27 consumer market s . Although the s tpdy i s v e r y comprehen­
s i v e and g i v e s the d e t a i l of e s t i m a t i n g the d a t a , i t does not prov ide f o r 
a s p e c t s such as crop i n t e r d e p e n d e n c i e s , v a r y i n g l e v e l s of i n p u t s and d i f ­
f e r e n t o b j e c t i v e s . A l s o , the model turns out to be very l a r g e i n s i z e , 
i n c l u d i n g 5 , 4 2 6 a c t i t i v i t e s and 3 , 2 2 0 e q u a t i o n s w i t h o u t f o r e i g n t r a d e 
a c t i v i t i e s . 
About the u s e f u l n e s s of t h e s e models i n d e v e l o p i n g e c o n o m i e s , Singh 
1976 n o t e s i n a book r e v i e w : 
They, are i n g e n e r a l normative models and s u c h . a s may have l i m i t e d 
o p e r a t i o n a l v a l u e i n a n a l y z i n g development problems . . . .They r a i s e 
q u e s t i o n s , e s p e c i a l l y about the u s e of such models i n l e s s deve loped 
c o u n t r i e s . . . .They do not prov ide an a n a l y s i s of the r i c h n e s s of 
i n s t i t u t i o n a l s t r u c t u r e and i t s c o n s t r a i n t s . 
F i n a l l y , we can a l s o i n c l u d e i n t h i s c l a s s models for i n d i v i d u a l 
farm p l a n n i n g , t o which not much l i t e r a t u r e i s d e v o t e d . Some m e t h o d o l o g i ­
c a l and p r a c t i c a l a s p e c t s are reviewed by Re i sh [ 1971] and a p r a c t i c a l 
example i s s o l v e d by Huffman and Stanton [ 1 9 7 0 ] , This example f o c u s e s 
on the d e t e r m i n a t i o n of the accuracy of r e l a t i v e l y low c o s t l i n e a r p r o ­
gramming s o l u t i o n s f o r farm management. I t i s found that the b e s t 
e s t i m a t e s of i n p u t - o u t p u t c o e f f i c i e n t s are more a c c u r a t e than s tandard 
m a t r i c e s from a data bank, 
c) Some E x t e n s i o n s 
Although most of the l i t e r a t u r e u s i n g l i n e a r programming has been 
concerned w i t h primal s o l u t i o n s , some work has been devoted to d u a l i t y 
and o t h e r e x t e n s i o n s . 
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and o ther e x t e n s i o n s 
i ) D u a l i t y and Shadow P r i c e s . Using the g e n e r a l f o r m u l a t i o n 
(MCLP) i n (b) above , i f f o r each r e g i o n r , we l e t Û _ and w^ be the v e c ­
t o r s of dual v a r i a b l e s , the o p t i m a l i t y c o n d i t i o n s are w r i t t e n as f o l l o w s 
( s e e f o r example, Bazaraa and J a r v i s 1 9 7 7 chapter 5 : 
R R R R 
A X - T Y + T Y > d - * ( A X - Y Y + • V Y - d )u = 0 ( 5 ) r r , r s u . r s r r r L - r s L n s r r r s = l s = l s = l s = l 
r^s r^s r^s r^s 
B X - S -> (B X - S )w = 0 ( 6 ) r r r r r r r 
u A - w B l C - * ( u A - w B - C ) X = 0 ( 7 ) r r r r r r r r r r 
-u + u - T -> (-" + u - T f ) Y = 0 ( 8 ) r s r s r s r s r s 
R e l a t i o n (5) measn t h a t f o r each r e g i o n the demand must be s a t i s f i e d and 
the p r i c e of a product i s p o s i t i v e only i f t h e r e i s no e x c e s s of t h a t 
product i n r e g i o n r . R e l a t i o n (6) means t h a t , r e s o u r c e s b e i n g l i m i t e d , 
the p r i c e to u s e them i s p o s i t i v e on ly i f t h e r e i s no e x c e s s s u p p l y . 
R e l a t i o n ( 7 ) means t h a t the r e g i o n a l a c t i v i t i e s X̂ _ w i t h a s s o c i a t e d n e g a ­
t i v e n e t r e t u r n s are not produced. R e l a t i o n ( 8 ) menas t h a t the demand 
p r i c e of commodity Y i n r e g i o n s i s l e s s than or equal to t h e p r i c e 
of t h e same commodity i n r e g i o n r p l u s the t r a n s p o r t a t i o n c o s t between 
r and s , and on ly commodit ies f o r which t h e e q u a l i t y h o l d s are t r a n s ­
ported from r to s . The o p t i m a l i t y c o n d i t i o n s then g i v e us some i n s i g h t 
i n t o the s t r u c t u r e and i n t e r p r e t a t i o n of the r e s u l t s of the model . 
The dual s o l u t i o n p r o v i d e s e q u i l i b r i u m p r i c e s of products and 
p r i c e s f o r t h e use of l i m i t e d r e s o u r c e s , tha t i s , when the supply and d e -
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rnand are equal f o r producers and consumers. The dual s o l u t i o n s thus 
can be used t o determine the subs idy p r i c e which should be paid i n a g i v e n 
r e g i o n i n a d d i t i o n to the e x i s t i n g p r i c e t o induce r e g i o n s to produce c e r ­
t a i n food produc t s a t c e r t a i n minimum l e v e l s , or p r i c e r e d u c t i o n to l i m i t 
p r o d u c t i o n of c e r t a i n g o o d s . 
Heady and Randhawa [1964] g i v e an i n t e r p r e t a t i o n of the dual s o l u ­
t i o n f o r the Indian c a s e . In another s tudy by W h i t t l e s e y and Skold [1965] 
a t t e n t i o n i s focused on the use of shadow p r i c e s a s s o c i a t e d w i t h land as 
a gu ide f o r e s t i m a t i n g government c o s t s of changing crop p r o d u c t i o n i n any 
r e g i o n . A n o t e by McCall [1971] g i v e s some i n s i g h t i n t o the r e l a t i o n s h i p 
between d u a l i t y and primal degeneracy t o g e t h e r w i t h p r a c t i c a l ways to 
handle i t for farm problems o n l y . 
Dual v a r i a b l e s and p r i c e s i n a pure c o m p e t i t i o n market framework 
are e x a c t l y e q u i v a l e n t . Thus, l i n e a r programming a p p l i e d to a pure com­
p e t i t i v e s e c t o r l i k e the American a g r i c u l t u r e can be q u i t e l o g i c a l and u s e ­
f u l . The ir r i s e i n d e v e l o p i n g economies where p r i c e s are v e r y seldom o p ­
timum i n a l i n e a r programming s e n s e , i s s t i l l t o be i n v e s t i g a t e d . 
i i ) Other Modeling A s p e c t s . Parametr ic l i n e a r programming i s used 
i n some c a s e s t o e v a l u a t e the input c o e f f i c i e n t s and i s r e f e r r e d t o i n 
t e x t b o o k s by Heady [ 1 9 5 8 ] , Agrawal [ 1 9 7 2 ] , Beneke [ 1 9 7 3 ] , and Rae [ 1 9 7 7 ] . 
One r e a l world work by Badewitz [1970] u s e s parametr ic programming to d e ­
termine the economic v a l u e of the c o e f f i c i e n t s of a l i n e a r program, u s i n g 
shadow p r i c e i n t e r p r e t a t i o n of the dual v a r i a b l e s . But the problems 
s o l v e d are not b i g enough to g i v e a r e a l i n s i g h t i n t o the u s e f u l n e s s of 
the t e c h n i q u e . 
Two o t h e r works use s p e c i a l s t r u c t u r e l i n e a r programming and are 
worth m e n t i o n i n g . 
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The f i r s t by Bar [1975] i s the f o r m u l a t i o n of a problem of c o o p e r a t i v e 
p r o d u c t i o n managment i n c l u d i n g s e v e r a l farms based on the Dantz ig -Wol fe 
d e c o m p o s i t i o n p r i n c i p l e [ 1 9 6 1 ] . The i n t e r e s t here i s i n the use of s h a ­
dow p r i c e s , from the s o l u t i o n of the master problem, as benchmarks f o r 
the i n d i v i d u a l farms so t h a t no d i s c r e p e n c y o c c u r s between the o b j e c t i v e 
of the c o o p e r a t i v e as a whole and the o b j e c t i v e s of the i n d i v i d u a l farms. 
S i m i l a r works can be found in Hardie [1969] and Tsuboi [ 1 9 7 7 ] . The 
second work, by David and Mosci [1974] , u s e s a network f o r m u l a t i o n t o 
s o l v e i r r i g a t i o n problems in which crop a l l o c a t i o n s are i n d i r e c t l y d e t e r ­
mined by the opt imal f low of water thourgh the s y s t e m . The opt imal s o l u ­
t i o n i s ob ta ined u s i n g an o u t - o f - k i l t e r a l g o r i t h m . Other s i m i l a r a p p l i ­
c a t i o n s are a v a i l a b l e i n Kurlypo and Uapina [ 1 9 7 0 ] . 
2 . 2 Dynamic Linear Models 
The main d i f f e r e n c e between s t a t i c and dynamic models i s t h a t i n ­
ves tment a c t i v i t i e s are inc luded i n dynamic models and r e s o u r c e s a r e 
a l lowed t o vary from one p e r i o d t o a n o t h e r , t h u s a l l o w i n g the v a r i a t i o n 
of p r o d u c t i o n c a p a c i t i e s . These models may a l s o i n c l u d e p r o v i s i o n s f o r 
f u t u r e land r e c l a m a t i o n s . Hence, the o b j e c t i v e of dynamic l i n e a r 
models i s t o determine the optimum r e g i o n a l a g r i c u l t u r a l produc t ion and 
i n v e s t m e n t . 
The problem can be formulated to minimize the o v e r a l l p r o d u c t i o n 
and t r a n s p o r t a t i o n c o s t s or to maximize t h e t o t a l revenue over a f i x e d p e r ­
iod of t i m e . A s i m p l i f i e d f o r m u l a t i o n f o r i l l u s t r a t i o n purposes i s as 
f o l l o w s : 
T 
r t - 1 
Minimize ) e (C X - V a ) 
Page missing from thesis 
27 
inves tment d e c i s i o n s f o r permanent crops o n l y . 
I t i s t o be noted t h a t none of the s t u d i e s mentioned above i n c l u d e s 
crop r e l a t i o n s h i p s over time and t h a t no adequate treatment i s g i v e n 
to the c h o i c e of the p lann ing h o r i z o n and t h e t ermina l c o n d i t i o n s i n the 
p lan; the l a t t e r i s important s i n c e the i n v e s t m e n t s made i n the l a s t 
year of the p lan 'do not a f f e c t the product ion l e v e l s w i t h i n the p lanning 
h o r i z o n . That a l s o p o i n t s out the n e c e s s i t y of l i n k a g e of the a g r i c u l t u r a l 
programs to l ong -range economic p l a n s . 
2.3 R e c u r s i v e Programming Models 
R e c u r s i v e programming was in troduced i n t h e l a t e f i f t i e s by 
Henderson [1959]. I t i s b a s i c a l l y a s y n t h e s i s of l i n e a r programming and 
t ime s e r i e s a n a l y s i s of d a t a . I t i s aimed a t p r e d i c t i n g the s h o r t - t e r m 
a l l o c a t i o n of land among s p e c i f i e d c r o p s . Centra l to the a n a l y s i s are t h e 
d e c i s i o n s of the i n d i v i d u a l p r o d u c e r s . The b a s i c model i s formulated so 
as to maximize t o t a l r e t u r n over a l l r e g i o n s s u b j e c t to land a v a i l a b i l i t y 
and crop a c r e a g e s expressed as r e c u r s i v e r e l a t i o n s h i p s . 
m n 
Maximize ) ) tt.X.. (9) 
j = l i = l 
m n n 
Subject to J [ X , . 1 J b. (10) 
- j = l i = l 1 3 j = l 3 
m m 
( l - 3 . ) I x.. . i I x.. ̂  
m m (11) 
( i - e±> I X > I x 




II i s the expec ted r e t u r n per acre of the i crop 
x_ .̂ i s the acreage of crop i i n r e g i o n j 
i s the t o t a l a v a i l a b i l i t y of land in r e g i o n j 
Henderson's most important m o d i f i c a t i o n to the b a s i c l i n e a r programming 
i s the attempt to conver t the s o l u t i o n s from the normative s t a g e to the 
p r e d i c t i v e s t a g e . The s e t of c o n s t r a i n t s (11) e x p r e s s e s upper and lower 
bounds on acreage which are d e r i v e d from h i s t o r i c a l data on a c t u a l year to 
year change u s i n g t ime s e r i e s methods . Hence: 
th X. . i s the s o l u t i o n acreage of the i crop i n i j * t -° 
r e g i o n j i n year t 
th 
X . . n i s the a c t u a l acreage of the i crop i n 
r e g i o n j in year (t - 1) 
the maximum p recen t by which the producers a r e 
w i l l i n g to d e c r e a s e l a s t y e a r ' s a c r e a g e of crop i 
B^ the maximum p ercen t by which producers are w i l l i n g 
t o i n c r e a s e l a s t y e a r ' s a c r e a g e of crop i 
Henderson's f i r s t model did not i n c o r p o r a t e some important f a c t o r s . 
Subsequent s t u d i e s added some r e f i n e m e n t s . For i n s t a n c e , Day [ 1960 ] 
c o n f i n e d h i s s tudy to one r e g i o n , the M i s s i s s i p p i D e l t a and s p e c i f i e d more 
c o n s t r a i n t s for each crop f o r both a c r e a g e and y i e l d . He a l s o a l lowed 
f o r a l t e r n a t i v e ways to produce each c r o p , which added a new dimension to 
the b a s i c model: p r e d i c t i o n of changes not on ly i n acreage but a l s o i n 
p r o d u c t i o n . More r e f i n e m e n t s are i n t r o d u c e d by S c h a l l e r [1962] r e g a r d i n g 
d i f f e r e n c e s i n s o i l type between r e g i o n s . Some more r e c e n t s t u d i e s based 
on the same models but w i t h d i f f e r e n t a p p l i c a t i o n s are t h o s e by Lee [ 1 9 7 2 ] , 
Anderson and S t r y g [ 1 9 7 6 ] , and E r i c k s e n and B u l l e r [ 1 9 7 6 ] , 
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2 . 4 Non-Linear Models 
a ) P i L t e r m i n i s t i c Models 
This c l a s s of models has the same s e t of c o n s t r a i n t s as i n the l i n e a r 
programming c a s e , but t h e i r o b j e c t i v e f u n c t i o n i s n o n l i n e a r . In g e n e r a l , 
the demand and supply vary accord ing t o p r i c e s . The o b j e c t i v e i s the max­
i m i z a t i o n of some measure of income which i s a f u n c t i o n of the demand and 
supply v e c t o r s . 
U s u a l l y , the demand and supply f u n c t i o n s are l i n e a r and i n t e g r a b l e . 
This makes the o b j e c t i v e f u n c t i o n a q u a d r a t i c maximizat ion of the sum 
of p r o d u c e r s ' and consumers' s u r p l u s e s . 
I f we l e t D be v e c t o r of demands, S a v e c t o r o f s u p p l i e s , and P a 
v e c t o r s of p r i c e s , t h e n , s i n c e p r i c e s depend on both bupply and demand, we 
have : 
P = f (D) and P = g (S) 
The re turn f u n c t i o n would t h e n : 
R(D,S) = g ( S ) d s = F(D) - G(S) 
For more d e t a i l s on the d e r i b a t i o n of the r e t u r n f u n c t i o n and on the i n -
t e g r a b i l i t y c o n d i t i o n s , the reader may r e f e r to P a r i e n t e f1977 ,append ix I I ] . 
The a l l o c a t i o n models then becomes: 
Maximize F(D) - G(S) - CX 
S u b j e c t to AX - D > 0 
BX - S < 0 
X, D < > 0 
where A i s an ouput r e g i o n a l m a t r i x , B an input r e g i o n a l m a t r i x , 
and X a v e c t o r or r e g i o n a l cropping a c i t i v i t i e s . 
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where A i s an output r e g i o n a l m a t r i x , B an input r e g i o n a l m a t r i x , 
and X a v e c t o r or r e g i o n a l cropping a c t i v i t i e s . 
In a g r i c u l t u r a l s t u d i e s , i t i s u s u a l t o c o n s i d e r the r e s o u r c e 
v e c t o r , such as water and l a n d , as known, but the demands as f u n c t i o n s of 
p r i c e s . That s i m p l i f i e s the problem and permit s the s i m u l a t i o n of a 
market e q u i l i b r i u m . Takayaroa and Judge [ 1 9 6 4 , i ] formulated such a model 
w i t h demand f u n c t i o n s s p e c i f i e d f o r each r e g i o n , and gave some t h e o r e t i c a l 
i n s i g h t i n t o the i n t e r p r e t a t i o n of the s o l u t i o n i n [ 1 9 6 4 , i i ] . Duloy 
and Norton [ 1 9 7 3 ] , in d e v e l o p i n g CHAC, a model for the a g r i c u l t u r a l 
s e c t o r i n Mexico , inc luded the demand f u n c t i o n i n t o the c o n s t r a i n t s e t 
and used l i n e a r approximat ions to end up w i th a complete l i n e a r program. 
A l s o , a q u a d r a t i c r e g i o n a l model for the U. S. a g r i c u t l r u e can be found 
in Heady [ 1 9 7 5 ] , based on the same p r i n c i p l e s 
b) Risk C o n s i d e r a t i o n 
When i t i s r e c o g n i z e d t h a t the producer p r e f e r e n c e s and a t t i t u d e s 
toward u n c e r t a i n t y are important , t h e n o t i o n of r i s k becomes a r e l e v a n t 
f a c t o r to i n c l u d e i n programming a g r i c u l t u r a l m o d e l s . The b a s i c s o u r c e of 
r i s k i s conf ined to y i e l d s nad i s r e f l e c t e d i n p r i c e s through supply and 
demand f u n c t i o n s . 
By u s i n g demand f u n c t i o n s and r i s k f a c t o r for cropping a c t i v i t i e s : 
the o b j e c t i v e f u n c t i o n becomes: 
1 
MAX Revenue = X'W[A - aBWX] - CTX - <J)[XTTX]2 
where: 
X i s a v e c t o r of a g g r e g a t e a c t i v i t e s i n a c r e s 
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W i s a d i a g o n a l matr ix of average y i e l d s 
C i s a v e c t o r of c o s t c o e f f i c i e n t s 
A and B are c o e f f i c i e n t m a t r i c e s of t h e l i n e a r demand f u n c t i o n 
P = A - ctBXW. 
ej> i s a r i s k a v e r s i o n c o e f f i c i e n t 
T i s a v a r i a n c e c o v a r i a n c e matr ix of g r o s s r e t u r n s from cropping 
a c t i v i t i e s . 
Bas i c to t h i s method i s the assumption that producers behave a c c o r d i n g to 
MAX y. = E(R) - (f>V(R), t h a t i s , t o choose among t h e maximum expec ted r e ­
turn w i t h t h e one w i t h minimum v a r i a n c e . D e t a i l s of t h e method can be 
found i n Hazze l and Scandizzo [ 1 9 7 4 ] , e x t e n s i o n s and a p p l i c a t i o n s i n 
Simmons and Podhareda [1975] and Wiens [ 1 9 7 6 ] . A c r i t i c a l r e v i e w of t h e 
method and e m p i r i c a l r e s u l t s i s found i n Adams, King, and Johnston 1977 . 
Although the importance of n o n l i n e a r models i s b e i n g more and 
more r e c o g n i z e d , they have been l e s s used than l i n e a r models because of 
the d i f f i c u l t y t o s a t i s f y t h e n e c e s s a r y t h e o r e t i c a l requ irements t o 
o b t a i n a g l o b a l optimum. D i f f i c u l t i e s a l s o a r i s e in e s t i m a t i n g the p a r a ­
meters of the demand and supply f u n c t i o n s a c c u r a t e l y t o r e f l e c t the a c t u a l 
market c o n d i t i o n s . Another l i m i t a t i o n i s t h a t an a c c u r a t e model w i l l have 
to i n t r o d u c e r i s k c o e f f i c i e n t s for d i f f e r e n t crops and by r e g i o n s , a 
d i f f i c u l t and complex t a s k , 
c) Other Methods and Models 
Dynamic programming t e c h n i q u e s have g r e a t p o t e n t i a l f o r problems 
l i k e crop r o t a t i o n s or sequences over t i m e , and m u l t i p l e cropping p r o ­
grams w i t h i n a y e a r . But t h e i r use has been con f in ed m o s t l y t o farm 
problems such as growth p a t h s , sequenc ing of a g r i c u l t u r a l t a s k s , and 
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w a t e r . Examples can be found in Agrawal and Heady [ 1972] . 
The a p p l i c a t i o n of dynamic programming to r e g i o n a l a l l o c a t i o n of 
crop p r o d u c t i o n has never been at tempted e x p l i c i t l y because i t i s no t 
c o m p u t a t i o n a l l y f e a s i b l e or e c o n o m i c a l . One s tudy i n Andrews [ 1977] u s e s 
a dynamic programming f o r m u l a t i o n of a t w o - r e g i o n model t o d e s c r i b e the 
changes in r e g i o n a l produc t ion and d i s t r i b u t i o n a t a h i g h l e v e l of a g g r e ­
g a t i o n . A l s o , the model can be s o l v e d for one crop a t a t i m e , thus p r e ­
suppos ing an opt imal s p a t i a l d i s t r i b u t i o n a t the o u t s e t . 
We have ment ioned , w h i l e d i s c u s s i n g the n o n - l i n e a r program formu­
l a t i o n , t h a t i n t e r r e g i o n a l a n a l y s i s u s u a l l y u s e s e x p l i c i t l i n e a r demand 
f u n c t i o n s but no supply f u n c t i o n s . In a s tudy by Larson and Hogg [ 1968 ] 
extended by Huang and Hogg [ 1 9 7 6 ] . , both supply and demand f u n c t i o n s are 
e x p l i c i t l y formulated to determine e q u i l i b r i u m r e g i o n a l p r i c e s ; they u s e 
a s e p a r a b l e programming t e c h n i q u e to s o l v e the problem, but no computa­
t i o n a l e x p e r i e n c e i s r e p o r t e d for r e a l world problems to e v a l u a t e the 
e f f i c i e n c y of the approach. For f u r t h e r d e t a i l s on dynamic and s e p a r ­
a b l e programming, the reader may r e f e r to Hadley [ 1 9 6 4 ] . 
Thus, we have seen t h a t i n the c l a s s of n o n - l i n e a r m o d e l s , on ly 
q u a d r a t i c f o r m u l a t i o n s have t a c k l e d problems of r e g i o n a l crop p r o d u c t i o n . 
In g e n e r a l , l i n e a r approx imat ions are used to enab le the use of s implex 
based r o u t i n e s . The r e s t of the methods have found only marginal u s e . 
2•5 I n t e g e r Programming Models 
There are many important s p e c i a l c o n d i t i o n s which c h a r a c t e r i z e 
the r e s o u r c e a l l o c a t i o n problem i n a g r i c u l t u r e and which cannot be d e a l t 
w i th i n any p r a c t i c a l way w i thout the u s e of d i s c r e t e v a r i a b l e s . In 
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t h i s r e g a r d , t h e ( 0 - 1 ) forrnulat ion proves v e r y u s e f u l as found by Ed­
wards and Clark [1963] and Seagraves [ 1 9 6 4 ] . The most common of 
t h e s e s p e c i a l c o n d i t i o n s are summarized be low: 
a ) E i t h e r / O r Choices 
I f i t i s d e s i r e d or imposed t h a t e i t h e r corn or soybeans are to be 
p l a n t e d , then a n o n - l i n e a r r e s t r i c t i o n appears : 
X . X = 0 
c s 
This e x p r e s s i o n could be r e p l a c e d by two l i n e a r i n e q u a l i t i e s in an i n t e g e r 
program: 
X 1 M Y c c 
Xs 1 Mc(1"Y> 
Y = ( 0 , 1 ) 
where M and M are upper bounds on the l e v e l s o f X and X . c s c s 
Other t y p i c a l problems are d i f f e r e n t l i v e s t o c k f eed a l t e r n a t i v e s or 
d i f f e r e n t t e c h n o l o g i e s expres sed in d i f f e r e n t s e t s of c o n s t r a i n t s , o n l y 
one of which needs t o be s a t i s f i e d . Then, g i v e n m c o n s t r a i n t s of the 
form: 
h (X ) - 0 i = 1 , . . . ,m 
to guarantee t h a t a t l e a s t n of them are s a t i s f i e d , the f o l l o w i n g m o d i f i ­
c a t i o n w i l l do: 
h . ( X . ) - M.Y. 1 0 i i i i 
m 
T Y. 1 m - n 
i = l 1 
Y = ( 0 , 1 ) f o r a l l i 
where M. i s an upper bound on H . ( X . ) for each i . l l I 
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An o p t i m i z i n g a l g o r i t h m a p p l i e d to t h i s problem would seek to r e l a x (m-n) 
c o n s t r a i n t s depending on w h i c h , by b e i n g r e l a x e d , g i v e s the b e s t o b j e c t i v e 
f u n c t i o n v a l u e , 
b ) Fi^ed Charges 
I f a c e r t a i n crop or group of crops n e c e s s i t a t e s a f i x e d comple­
ment of machinery to be grown, we would modify the o b j e c t i v e 
MAX = Y n .X. t o become: Y i). (X) 
. J i - 3 
0 i f X. = o 
where ^ . ( X ) = 3 
2 n .X. - C £ Y £ i f X. ^ 0 3 3 f f 3 
Y^ = ( 0 , 1 ) and X̂  = acreage of crop j . 
and add a c o n s t r a i n t : X. 1 M̂ -Y_ 
3 f f 
where M£ 1 C^ i s an UB on X . . f f 3 
c ) Types of Problems Solved and Procedures 
The u s u a l w e l l s o l v e d problems are i n the c l a s s of smal l farm 
o r g a n i z a t i o n s such as by U n i v e r s i t y of Georgia [ 1 9 7 4 ] , land u s e p l a n n i n g , 
where the a t t e n t i o n c e n t e r s around the competing u s e s of land i n a g r i c u l ­
t u r a l and n o n - a g r i c u l t u r a l u s e s , as done by Naut iyar [ 1 9 7 5 ] . Other 
important a p p l i c a t i o n s are i n food managamet.t. problems as done by Duffry 
[ 1 9 7 4 ] . The procedures used are based on c u t t i n g p l a n e s and are rev iewed 
in Candler [ 1 9 7 2 ] . 
In c o n c l u s i o n , we can say t h a t i n t e g e r programming has not found 
any u s e i n r e g i o n a l a n a l y s i s , but on ly i n smal l farm problems. That seems 
to be due to the l a c k of e f f i c i e n t a l g o r i t h m s f o r s o l v i n g l a r g e s c a l e 
i n t e g e r programming problems. 
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2 . 6 S i m u l a t i o n Models 
S i m u l a t i o n models have not been used for r e g i o n a l a l l o c a t i o n of 
crop p r o d u c t i o n . But t h e i r l i m i t e d u s e f o r i n d i v i d u a l farm p lann ing i s 
spread ing and t h e i r u s e f u l n e s s i s becoming w e l l r e c o g n i z e d , e s p e c i a l l y 
when the problems c o n t a i n some i n t r a c t a b l e f e a t u r e s such as d e c r e a s i n g 
average c o s t , i n t e g e r c o n s t r a i n t s on the l e v e l s of input and o u t p u t , 
and weather u n c e r t a i n t y . Some examples are Zusman and Amiad [ 1965] , 
C a r l s s o n and Lindgren [ 1 9 6 9 ] , and Jones [ 1976] . A l s o , s i m u l a t i o n has 
found more a p p l i c a t i o n s by agronomis t s in the s tudy of p h y s i o l o g i c a l growth 
p r o c e s s e s of crops and i r r i g a t i o n s y s t e m s . 
In a d d i t i o n , s i m u l a t i o n could a l s o be used in the c o n t e x t of 
another model . For i n s t a n c e , i n a l i n e a r program s i m u l a t i o n can be used 
to determine the p o s s i b l e v a r i a t i o n s of p r i c e s w i thout a f f e c t i n g t h e o p ­
t i m a l p r o d u c t i o n mix; an i l l u s t r a t i o n i s found i n Engler and Meyer [ 1 9 7 3 ] . 
Some problems have been r a i s e d , however , w i t h regard to t h e m e r i t s 
u s i n g s i m u l a t i o n as compared to o t h e r a n a l y t i c a l t o o l s . See f o r e x ­
ample, Chandler and Penn [ 1 9 7 3 ] . 
2 . 7 S t a t i s t i c a l and P r o b a b i l i s t i c Models 
a) R e g r e s s i o n Models 
The most important f o r m u l a t i o n i s the s i n g l e e q u a t i o n model 
f i t t e d by l e a s t s q u a r e s . M u l t i p l e e q u a t i o n models have been found more 
r e a l i s t i c and u s e f u l a s done by Borkon and B o l e s [1970] and S i r o t e n k o 
[ 1 9 7 6 ] . 
In s p i t e of the f a c t t h a t r e g r e s s i o n models r e q u i r e r e l a t i v e l y 
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l e s s d e t a i l e d d a t a , they have s e v e r e l i m i t a t i o n s for r e g i o n a l a n a l y s i s , 
because of the l i m i t s on the number of independent v a r i a b l e s t h a t can 
be i n c l u d e d and the d i f f i c u l t i e s a s s o c i a t e d w i t h i s o l a t i n g the many 
e f f e c t s of v a r i a b l e s . Some models are found t o g i v e as good r e s u l t s as 
l i n e a r programming; f o r t h a t , s e e Shumay and Chang [ 1 9 7 7 ] . 
b) Ma r kov Chain Models 
Markov Chain models have been used t o p r e d i c t land use p a t t e r n s , 
t h a t i s , the d i f f e r e n t u sages of land among which a g r i c u l t u r a l land i s 
subdiv ided i n t o l a r g e r g r o u p s , such as crop l a n d , p a s t u r e , and g r a z i n g . 
This s e v e r e l y l i m i t s the scope of the method f o r a l l o c a t i n g i n d i v i d u a l 
c r o p s . The main advantages of u s i n g Markov-chains i s t h a t dynamic 
models can be formulated to p r e d i c t long term land u s e c h a n g e s . The 
methodology assumes t h a t the v a r i a b l e of i n t e r e s t i s land u s e . A f i n i t e 
Markov cha in p r o c e s s then r e q u i r e s tha t n d i f f e r e n t land use c a t e g o r i e s 
be d e f i n e d and t h a t movements between t h e s e c a t e g o r i e s over t ime be 
summarized i n a land use f low m a t r i x . Then the p r o b a b i l i t y o f moving 
from c a t e g o r y to i n one p e r i o d of t ime i s computed a s : 
L . . 
i j n 
I L . . 
i = l 
where L . . i s the land t h a t was i n ca tegory L . i n p e r i o d t - 1 and 
s h i f t e d t o c a t e g o r y L _ . i n p e r i o d t . The p r b a b i l i t i e s are i n f a c t p r o ­
p o r t i o n s of l a n d . The t r a n s i t i o n matr ix d e r i v e d from observed land u s e 
changes , t o g e t h e r w i t h a v e c t o r of i n i t i a l land use 11^, i s used to p r o j e c t 
land u s e s for each f u t u r e p e r i o d t based on the property of Markov 
cha ins by s o l v i n g t h e f o l l o w i n g sys tem: 
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• n = IT [p] n 
n 0 
A dynamic f o r m u l a t i o n of t h i s model can a l s o be d e r i v e d . For more d e ­
t a i l s and s p e c i f i c a p p l i c a t i o n s , the reader may r e f e r to Burnham [1973] 
and Drummon [ 1 9 7 7 ] . 
F i n a l l y , Markov c h a i n s can be used w i t h i n mathemat ica l programming 
models to c o n t r o l r e s o u r c e t r a n s f e r s , p r o v i d i n g a more s y s t e m a t i c way 
to g e n e r a t e bounds over t ime . For an a p p l i c a t i o n w i t h i n a l i n e a r p r o ­
gram, s e e S c o t t and Chen [ 1 9 7 2 ] . 
c ) S t o c h a s t i c Programming 
This t echn ique has not found any use i n the area of r e g i o n a l a g r i ­
c u l t u r a l p r o d u c t i o n . I l l u s t r a t i v e examples are found i n e a r l i e r works 
such as by Heady [1958] but the t echn ique found l i m i t e d u s e o n l y . A 
review and formal e x p o s i t i o n of the method can be found i n Blau [ 1 9 7 4 ] . 
2 . 8 SUMMARY 
The l i t e r a t u r e s e a r c h has r e v e a l e d t h a t s e v e r a l a s p e c t s of the 
problem d e f i n e d i n the i n t r o d u c t o r y chapter have not been a d e q u a t e l y 
i n c o r p o r a t e d i n pas t r e s e a r c h . In a d d i t i o n to the l i m i t a t i o n s of c e r t a i n 
t e c h n i q u e s to handle such a probelm, adequate formula t ion of the most 
important c h a r a c t e r i s t i c s of cropping p a t t e r n s and economic s i t u a t i o n 
of the a g r i c u l t u r a l s e c t o r in d e v e l o p i n g c o u n t r i e s , needs to be f u r t h e r 
i n v e s t i g a t e d t o deve lop a model w i t h enough f l e x i b i l i t y to i n c o r p o r a t e 
s e v e r a l o b j e c t i v e s and the b a s i c s of t h e produc t ion p r o c e s s . The nex t 
chapter w i l l be devoted t o d e v e l o p i n g such a model and i n d i c a t i n g t h e 
s o l u t i o n procedure t o be adopted . 
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CHAPTER I I I 
DEVELOPMENT OF THE MODEL 
In t h i s chapter we deve lop a l i n e a r g o a l programming model f o r 
a g r i c u l t u r a l r e g i o n a l p l a n n i n g . The model minimizes a we ighted sum of 
d e v i a t i o n s from a s e t of p r e s c r i b e d g o a l s . We s t a r t by r e v i e w i n g 
c e r t a i n economic c o n c e p t s t h a t w i l l be u s e f u l in the development of 
the model . 
3 . 1 Economic Concepts 
The s tudy of economics i s c o n s i d e r e d n e c e s s a r y i n unders tanding 
crop product ion s y s t e m s , s i n c e i t can p r o v i d e p r i n c i p l e s t h a t h e l p in 
d e c i d i n g among a l t e r n a t i v e product ion l e v e l s or t e c h n i q u e s . Our aim i s 
not t o p r o v i d e an i n t r o d u c t i o n to the s u b j e c t but on ly to some c o n c e p t s 
t h a t are important in making some assumpt ions f o r the model . 
B a s i c t o the product ion p r o c e s s i s the concept of a product ion 
f u n c t i o n . I t i s agreed upon that the p r o d u c t i o n f u n c t i o n , a l s o c a l l e d 
the re sponse f u n c t i o n , i s the unique r e l a t i o n s h i p between f a c t o r s of 
p r o d u c t i o n and o u t p u t . More formal d e f i n i t i o n s can be found i n Rodes and 
West [1968] or Rae [ 1 9 7 7 ] . 
M a t h e m a t i c a l l y , i t can be w r i t t e n a s : 
Y = f (X , . . . , X ) 
1 n 
where Y r e f e r s t o the crop y i e l d and ( i = l , . . . , n ) r e f e r s t o s p e c i f i c 
f a c t o r s of p r o d u c t i o n . I t i s assumed t h a t on ly f a c t o r s t h a t can be 
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brought under c o n t r o l and which i n f l u e n c e the crop y i e l d , a r e 
inc luded in the i n p u t s . 
F igure 3 d e p i c t s a o n e - v a r i a b l e input product ion f u n c t i o n 
which shows t h e r e l a t i o n s h i p between a f a c t o r and the y i e l d , Y. 
I t i s assumed that a l l o ther f a c t o r s are he ld at a c o n s t a n t l e v e l , 
t h a t i s : 
Y = f ( X x | X 2 , . . . ; X n ) 
From the same f i g u r e , we a l s o n o t e t h a t the product ion f u n c t i o n 
e x h i b i t s d i m i n i s h i n g r e t u r n s to the f a c t o r X^, which i s a c h a r a c t e r i s t i c 
of a g r i c u l t u r a l p r o d u c t i o n . This p r i n c i p l e i s s t a t e d in Rhodes and West 
[19G8] and f o l l o w s : "If i n c r e a s i n g amounts of one input are added 
t o the product ion p r o c e s s w h i l e a l l o t h e r i n p u t s are h e l d c o n s t a n t , 
t h e amount of output added per u n i t of v a r i a b l e input w i l l e v e n t u a l l y 
d e c r e a s e . " 
To h e l p determine the optimum combinat ion of f a c t o r s , we need t o 
r e f e r t o another t e c h n i c a l c o n c e p t , t h e r a t e of f a c t o r s u b s t i t u t i o n 
(RFS) between two f a c t o r s , a l s o c a l l e d marginal r a t e of s u b s t i t u t i o n . 
I t measures the r a t e at which the planned l e v e l of one i n p u t , say X^, 
could be changed i f we planned t o i n c r e a s e the l e v e l of another i n p u t , 
say by a very smal l amount w h i l e m a i n t a i n i n g the same l e v e l of 
o u t p u t . I t i s c a l c u l a t e d as f o l l o w s : RFSCX^ X 2 ) = AX 1 /AX 2 . 
In p a r t i c u l a r , the r a t e of s u b s t i t u t i o n i s c o n s t a n t when the 
amount of one f a c t o r r e p l a c e d by the o ther f a c t o r does not change as the 
added f a c t o r i n c r e a s e s in magnitude , which i s i l l u s t r a t e d i n F igure 4 
by t h e s t r a i g h t l i n e , a l s o c a l l e d i s o q u a n t . That i s , one u n i t of X, 
40 
s u b s t i t u t e s f o r one u n i t of X^ and the PJS w i l l be equal to the s l o p e 
of the i s o q u a n t . Thus i f the i soquant i s not l i n e a r , d i f f e r e n t p o i n t s 
on the i soquant correspond to d i f f e r e n t RFS. In t h i s c a s e , adequate 
p i e c e w i s e l i n e a r approxiraation cou ld be used t o approximate the p r o d u c t i o n 
s u r f a c e and l e s s e n t h e b i a s in troduced by s imply assuming t h a t t h e 
p r o d u c t i o n f u n c t i o n i s l i n e a r ; t h i s p o i n t i s i l l u s t r a t e d i n F igure 5-
Another concept which i s b a s i c to the c h o i c e of farm s i z e i s the 
concept of r e t u r n s to s c a l e . In the product ion f u n c t i o n Y = f ( X ^ , . . . , X n ) 
i f a l l f a c t o r r e s o u r c e s are c o n s i d e r e d v a r i a b l e , the i n t e r e s t f o c u s e s 
on the i n c r e a s e i n output AY a s t h e f a c t o r s are i n c r e a s e d by t h e same 
p r o p o r t i o n AX. In p a r t i c u l a r , i f the p r o p o r t i o n s of i n c r e a s e of X_̂  
( i = l , . . . , n ) and Y are t h e same, c o n s t a n t re turn to s c a l e p r e v a i l . Such 
a product ion f u n c t i o n i s c a l l e d homogeneous, t h a t i s i f Y = f (X^, X ^ ) s 
then kf(X^, X^) = f (kX^, kX^) = kY. A two--factor product ion f u n c t i o n 
i l l u s t r a t i n g t h i s p r o p e r t y i s shown in F igure 6. 
In r e a l world problems, the u n d e r l y i n g c o n c e p t s d e f i n e d above are 
s t i l l v a l i d but the number of f a c t o r s i s h igh enough to make a g r a p h i c a l 
or a t a b u l a r a n a l y s i s i m p o s s i b l e . I n s t e a d , more powerful mathemat ica l 
methods are r e q u i r e d . 
3 . 3 The Main Fea tures of t h e Model 
a) D e f i n i t i o n of the Producing Uni t 
Because of the wide v a r i a t i o n in c l i m a t e , s o i l , and p r o d u c t i o n 
p o s s i b i l i t i e s between r e g i o n s , the b a s i s of a s p a t i a l model i s the 
d e f i n i t i o n of a s e t of homogeneous r e g i o n s c o n s i s t e n t w i t h the 
c h a r a c t e r i s t i c s of the r e s o u r c e s and the p o s s i b l e product ion t e c h n i q u e s 
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in each r e g i o n . But t h a t r e v e a l s the important problem of a g g r e g a t i o n . 
The i d e a l s i t u a t i o n would be t o have t h e s p a t i a l u n i t correspond to 
the farm^ but t h a t would c r e a t e problems of i n t r a c t a b l e s i z e . Thus 
another a l t e r n a t i v e i s to be found. 
P a s t a p p l i c a t i o n s of budget ing and l i n e a r programming handle t h i s 
q u e s t i o n in two ways: 
1 . D e f i n e a t y p i c a l farm r e p r e s e n t a t i v e of a s e t of farms w i th 
s i m i l a r product ion t e c h n i q u e s and s i z e . Thus the most l i k e l y 
a l l o c a t i o n f o r a farm must be m u l t i p l i e d by the number of farms 
in the group i t r e p r e s e n t s t o y i e l d an a g g r e g a t e r e s p o n s e . T h i s 
a g g r e g a t i o n scheme i s n o t commonly used due to the l ack of d a t a . 
2 . Def ine the r e g i o n , r a t h e r than the farm, as the u n i t e lement in 
the model . This method, however, does not take i n t o account the 
p o s s i b l e v a r i a t i o n s between farms, e s p e c i a l l y t h o s e r e l a t e d t o 
m o b i l i t y and s h i f t a b i l i t y of product ion f a c t o r s . Moreover, i t 
t ends to average the v a r i a t i o n s among i n d i v i d u a l farms such as 
q u a l i t y of r e s o u r c e s and c l i m a t i c c o n d i t i o n s . 
For a rev iew of u s i n g micro data to d e r i v e macro r e s u l t s , the i n t e r e s t e d 
reader may r e f e r to S t o v a l l [ 1 9 6 6 ] , Day [ 1 9 6 9 ] , and P a r i s and Rausser 
[ 1 9 7 3 ] . For an e m p i r i c a l a n a l y s i s , s ee Egbert and Kim [1975] and Wi l l i ams 
and Rae [ 1 9 7 6 ] . 
In c a s e of a d e v e l o p i n g economy, another e lement i s t o be 
c o n s i d e r e d . This e lement i s the d i f f e r e n c e between the c o o p e r a t i v e 
part and the p r i v a t e part of the a g r i c u l t u r a l s e c t o r . We have g i v e n 
a d e s c r i p t i o n of the d i f f e r e n c e s between t h e s e two p a r t s in Chapter I , 
and w i l l r e f e r t o them as S e c t o r I and S e c t o r I I r e s p e c t i v e l y . 
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To be a b l e to use each s e c t o r as the producing u n i t r e p r e s e n t i n g 
a l l farms in i t , the f o l l o w i n g assumpt ions are made: 
s 
In a g i v e n r e g i o n , f o r each s e c t o r , we suppose we have n farms 
s s ( i = l , 2 , . . . , n ) , m a c t i v i t i e s ( j = l , 2 , . . . , m ) and P f a c t o r s of 
product ion (k = 1 , 2 , . . . , P ) where s = 1 f o r S e c t o r I and s = 2 f o r 
S e c t o r I I . Thus for each farm i n a g i v e n s e c t o r , l e t : 
= l e v e l of the a c t i v i t y in t h e i ^ farm 
X^.. = amount of t h e k ^ f a c t o r used by the i ^ farm l j k 
to produce the j t ^ 1 a c t i v i t y 
s th 0 . . . = amount of the k f a c t o r t o be used in the 
. th _ . r , . t h 
l farm to produce one u n i t of the j a c t i v i t y 
s s s s s Y . . = f . . ( X . . . , X . . X . . ) i s the produc t ion f u n c t i o n f o r the 
i j i j i j l ' i j 2 ' l j p 
. t h th _ 
j a c t i v i t y in the l farm. 
th 
The p r o d u c t i o n f u n c t i o n of the i farm in each s e c t o r i s 
s s s s assumed homogeneous , t h a t i s , a Y_, . = f . . (a X . . _ , . . . a X. . ) , d e n o t i n g 
ij i j i j 2 * iJP 
that i f the amount of each f a c t o r i s i n c r e a s e d by the p r o p o r t i o n a, the 
l e v e l of the a c t i v i t y w i l l i n c r e a s e by the same p r o p o r t i o n . 
We a l s o assume: 
F S = I f S . and Y S = \ Y&. 
J i = l l J J i = l ^ 
s th where F , t h e produc t ion f u n c t i o n of the j a c t i v i t y in s e c t o r s , i s 
the sum of the product ion f u n c t i o n s f o r the d i f f e r e n t farms i n t h a t 
g 
s e c t o r , Yy the t o t a l l e v e l of a c t i v i t y j f o r s e c t o r s , i s t h e sum of 
t h e a c t i v i t y l e v e l s of t h e n farms in t h a t s e c t o r . 
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S i m i l a r l y , we must have • 
m n m n 
y A S Y S = y y a s Y S < R . S = y o s 
4I 3 k 3 = Ji i = i a ^ k ± 3 ~ ^ = i = i ~ i k 
th 
where the amount of the k r e s o u r c e used to produce a l l a c t i v i t i e s 
j in s e c t o r s i s equa l t o the sum t o be used by the i n d i v i d u a l farms. 
s th 
The second h a l f of the e x p r e s s i o n i n d i c a t e s the amount, of the k 
g 
r e s o u r c e a v a i l a b l e in the s e c t o r i s the sum of the amounts 8 . , a v a i l a b l e 
i k 
i n t h e i n d i v i d u a l farms. 
And f i n a l l y , for each r e g i o n , we must have: 
2 2 
G. = J F S and Z. = I Y S 
3 s -1 3 3 s -1 3 
t h 
where G , the p r o d u c t i o n f u n c t i o n of the j a c t i v i t y f o r the r e g i o n , 
i s t h e sum of p r o d u c t i o n f u n c t i o n s for t h e two s e c t o r s i n r e g i o n j , 
and , the t o t a l a c t i v i t y l e v e l for the r e g i o n , i s the sum of t h e 
a c t i v i t y l e v e l s in the two s e c t o r s . 
To minimize the a g g r e g a t i o n b i a s between the r e s u l t s of t h e 
macro model and the r e s u l t s of a micro model t h a t would i n c l u d e a l l 
the farms i n d i v i d u a l l y as the producing u n i t s , a c l a s s i f i c a t i o n of the 
r e g i o n s needs t o be based on t e c h n i c a l homogenei ty . The l a t t e r i s 
a combinat ion of c e r t a i n t e c h n i c a l c r i t e r i a such as s o i l t y p e , 
weather c o n d i t i o n s , a v a i l a b i l i t y of r e s o u r c e s and type of s e c t o r . 
On t h i s b a s i s , the area under s tudy may be d i v i d e d i n t o a number of 
r e g i o n s w i th a minimum v a r i a n c e in the degree of homogeneity w i t h i n 
each r e g i o n and a h igh v a r i a n c e between d i f f e r e n t r e g i o n s . The 
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advantage of t h i s c l a s s i f i c a t i o n i s t h a t the p r o d u c t i o n f u n c t i o n s 
e s t i m a t e d in each s e c t o r of each r e g i o n w i l l r e p r e s e n t the r e a l 
t e c h n i c a l c o n d i t i o n s in the g i v e n s e c t o r w i t h i n the g i v e n r e g i o n . 
That would be very h e l p f u l i n d e f i n i n g t h e produc t ion a c t i v i t i e s 
to be inc luded i n the model . 
N o t e , however, t h a t t h i s c l a s s i f i c a t i o n may r e s u l t i n d e f i n i n g 
t o o many r e g i o n s f o r which data c o l l e c t i o n and implementat ion of t h e 
program r e s u l t s would be very d i f f i c u l t or i m p o s s i b l e . This l e a d s us 
to u s i n g another c r i t e r i o n which i s based on management or a d m i n i s t r a t i v e 
p r a c t i c e . S i n c e t e c h n i c a l homogeneity and uniform a d m i n i s t r a t i v e 
p r a c t i c e w i l l very seldom c o i n c i d e , a compromise i s t o be found. Note 
t h a t in our c a s e , the d i s t i n c t i o n between the two s e c t o r s w i t h i n each 
r e g i o n de termines most of the t e c h n i c a l homogenei ty; the a d m i n i s t r a t i v e 
b a s i s w i l l s e r v e to have r e g i o n s of comparat ive importance , 
b) The Components of t h e Model 
The model w i l l d e f i n e and q u a n t i f y the major i n t e r a c t i o n s between 
t h e t h r e e f o l l o w i n g components of the a g r i c u l t u r a l environment: 
Resource 




i ) The Resource Component. The r e s o u r c e component i n d i c a t e s 
the supply of s c a r c e f a c t o r s of product ion and the d i f f e r e n c e s of 
p r o d u c t i o n f u n c t i o n s from one s e c t o r to another and from one r e g i o n t o 
Crops 
L i v e s t o c k 
A c t i v i t i e s 
Reg ional 
N a t i o n a l 
Export 
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a n o t h e r . The supply of r e s o u r c e s w i l l be assumed t o be of two k i n d s : 
Fixed 
These r e s o u c e s i n c l u d e the acreage of dry and i r r i g a t e d land f o r 
crop product ion i n c l u d i n g land f o r p a s t u r e and permanent c r o p s . The 
supply of water compris ing not only r e s e r v o i r s , dams and w e l l s , but 
a l s o e x p e c t e d r a i n f a l l . The supply of a g r i c u l t u r a l l abor i s assumed 
t o be abundantj but w i l l have a l i m i t i n g a s p e c t t o account f o r t h e 
s c a r c i t y of s k i l l e d labor i n d e v e l o p i n g c o u n t r i e s . 
F l e x i b l e 
These r e s o u r c e s i n c l u d e f e r t i l i z e r , p a s t u r e , and equipment and 
are assumed f l e x i b l e s i n c e t h e i r a v a i l a b i l i t y would be i n c r e a s e d a t 
an a d d i t i o n a l c o s t , say through i m p o r t a t i o n , 
i i ) The Produc t ion Component. I t i n c l u d e s the endogenous v a r i a b l e s 
of t h e model , which w i l l u l t i m a t e l y c o n s t i t u t e the e l ements of t h e 
r e g i o n a l a l l o c a t i o n problem. These v a r i a b l e s can be d i v i d e d i n t o 
t h r e e s e t s r e l a t e d to the a g r i c u l t u r a l a c t i v i t i e s , i n t e r r e g i o n a l f l ows 
of a g r i c u l t u r a l p r o d u c t s , and d e v i a t i o n s from g o a l a c h i e v e m e n t s . 
In the f i r s t s e t , the v a l u e s of t h e p r o d u c t i o n v a r i a b l e s in t h e 
s o l u t i o n i n d i c a t e the most a p p r o p r i a t e a g r i c u l t u r a l product mix i n 
d i f f e r e n t r e g i o n s . They i n c l u d e l i v e s t o c k product ion and correspond t o 
the b e s t produc t ion t e c h n i q u e s in terms of opt imal amounts of l a b o r , 
machinery and f e r t i l i z e r . D e t a i l s on the t rea tment of t h e s e e l ement s 
w i l l be g i v e n w i t h the mathemat ica l f o r m u l a t i o n . The second s e t of 
v a r i a l b e s w i l l prov ide in format ion on the most a p p r o p r i a t e i n t e r ­
r e g i o n a l f low of products t o s a t i s f y supply and demand e q u i l i b r i u m 
i n each r e g i o n . The e x p l i c i t c o n s i d e r a t i o n of the t r a n s p o r t a t i o n 
r e l a t i o n s h i p s i s important , because i t w i l l permit a r e a l i s t i c and 
more d e t a i l e d a n a l y s i s of the e f f e c t s of t r a n s p o r t a t i o n c o s t s on the 
optimum a g r i c u l t u r a l product mix in the d i f f e r e n t r e g i o n s . The l a s t 
s e t of v a r i a b l e s w i l l prov ide in format ion on the most a p p r o p r i a t e 
t r a d e - o f f s to be made r e l a t i v e to a c h i e v i n g such g o a l s as food 
demands, employment, i n t e r n a t i o n a l t rade e x p e n d i t u r e s and o v e r a l l 
c o s t s . The magnitude of the d e v i a t i o n s from t h e s e t g o a l s f and 
whether they r e p r e s e n t an overachievement or an underachievement , 
can s e r v e the p r o c e s s of p o l i c y making, e s p e c i a l l y in the area of 
impor ta t ion and e x p o r t a t i o n . 
i i i ) The Demand Component. In a d e v e l o p i n g economy demand 
of b a s i c n u t r i t i o n a l goods i s not a f u n c t i o n of p r i c e s but r a t h e r 
a f u n c t i o n of the p o p u l a t i o n s i z e and minimum n u t r i t i o n a l n e e d s . 
Th i s i s l a r g e l y due t o the f a c t t h a t government in d e v e l o p i n g 
economies tends to c o n t r i b u t e t o such b a s i c goods through s u b s i d i e s 
i n such a way as t o make them a v a i l a b l e t o the p o p u l a t i o n a t 
r e a s o n a b l e p r i c e s for the income l e v e l of the c o u n t r y . For t h i s 
r e a s o n , we assume t h a t demands are exogenous t o the model and hence 
f i x e d . 
S ince t r a n s p o r t a t i o n c o s t s are taken i n t o a c c o u n t , the 
c l a s s i f i c a t i o n of the demand requirements by r e g i o n s becomes n e c e s s a r 
f o r de termin ing the optimum flow of a g r i c u l t u r a l products among 
d i f f e r e n t r e g i o n s . A f t e r having d e s c r i b e d t h e b a s i c components of 
the model , we w i l l now summarize t h e r e l e v a n t assumpt ions and g i v e 
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the mathemat ica l f o r m u l a t i o n . 
3 . 3 Assumptions 
1 ) . No p e r f e c t market c o n d i t i o n s p r e v a i l , which i m p l i e s t h a t the 
p r i c e s and demands are f i x e d . That i s , a c e n t r a l a u t h o r i t y 
i s assumed t o f i x t h e p r i c e s and d e c l a r e t h e c o u n t r y ' s needs 
b e f o r e t h e produc t ion p r o c e s s s t a r t s , 
2 ) . S p a t i a l l y s e p a r a t e d but in terdependent r e g i o n s e x i s t accord ing 
t o the c r i t e r i a d e s c r i b e d above . 
3 ) . Each r e g i o n c o n t a i n s two s e p a r a t e s e c t o r s c a l l e d S e c t o r I and 
S e c t o r I I . Some r e g i o n s may c o n t a i n on ly one of two s e c t o r s i f 
i t i s imposed by the s p e c i f i c c a s e . 
4 ) . The i n p u t - o u t p u t r e l a t i o n s h i p s are i d e n t i c a l f o r a l l farms 
b e l o n g i n g t o a g i v e n s e c t o r i n a p a r t i c u l a r r e g i o n . 
5 ) . Constant r a t e s of f a c t o r s u b s t i t u t i o n are assumed. 
6 ) . The produc t ion f u n c t i o n i s assumed l i n e a r i n a l l r e g i o n s . 
7 ) . The p lann ing hor i zon i s one a g r i c u l t u r a l y e a r . 
8) . Labor supply i s assumed c o m p l e t e l y f l e x i b l e and can be a g g r e g a t e d 
f o r the whole y e a r . I t w i l l be indexed as man-days. 
9 ) . T r a n s p o r t a t i o n between any two r e g i o n s i s done by the c h e a p e s t 
p o s s i b l e means. 
1 0 ) . I n t e r n a t i o n a l t r a n s p o r t a t i o n c o s t s are not e x p l i c i t l y c o n s i d e r e d 
but i n c l u d e d i n the c o s t of the imported produc t s t h e m s e l v e s . 
1 1 ) . V a r i a b l e s are supposed cont inuous and d i v i s i b l e . 
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3.4 Mathematical Formulat ion and N o t a t i o n 
The f o l l o w i n g diagram d e p i c t s the area under s tudy w i t h i t s 
d i f f e r e n t r e g i o n s : 
I (1) I I I (2) I I 
where s o l i d l i n e s i n d i c a t e boundar ies s e p a r a t i n g d i f f e r e n t r e g i o n s , 
and dashed l i n e s i n d i c a t e the two s e c t o r s w i t h i n any g i v e n r e g i o n . 
Note t h a t the product ion f u n c t i o n i s s p e c i f i c to the s e c t o r 
but the r e s o u r c e s and data a v a i l a b i l i t i e s are s p e c i f i c t o the 
r e g i o n . 
We w i l l now d e f i n e the s e t of v a r i a b l e s , the c o n s t r a i n t s , and 
t h e o b j e c t i v e f u n c t i o n , g i v i n g d e t a i l s of the d i f f e r e n t i n t e r a c t i o n s 
and land r e l a t i o n s h i p s , t o g e t h e r w i th adopted n o t a t i o n . 
a) D e f i n i t i o n of V a r i a b l e s 
The v a r i a b l e s of the model are s p e c i f i e d as the d i f f e r e n t 
a l t e r n a t i v e a g r i c u l t u r a l product ion a c t i v i t i e s in every r e g i o n . That 
i s , in every r e g i o n a s u i t a b l e s e t of a c t i v i t i e s i s formulated i n 
accordance w i th the t e c h n i c a l and n a t u r a l c h a r a c t e r i s t i c s of t h a t 
r e g i o n . In f a c t , most of the a c t i v i t i e s w i l l appear i n a l l r e g i o n s , 
b u t , f o r example , i n a r e g i o n which has a co ld dry c l i m a t e , crops 
50 
l i k e c o t t o n and r i c e need not be c o n s i d e r e d . 
i ) The Continous Crops. Continous crops take a f u l l 
a g r i c u l t u r a l year t o g i v e an o u t p u t , and are r o t a t e d every four or 
f i v e y e a r s w i t h o t h e r crops or f a l l o w . They are b a s i c a l l y food 
g r a i n s , and feed g r a i n s , which cannot be p l a n t e d more than one 
t ime on the same p i e c e of land during the same y e a r . Most of them 
are w i n t e r crops but in some c a s e s they may be s p r i n g or summer 
c r o p s . 
A cont inuous crop w i l l be denoted by X c , where c = 1 , . , . , C . 
For example, c = 1 may denote wheat , c = 2 may denote b a r l e y , and 
c = 3 may denote c o r n . One u n i t of t h e s e a c t i v i t i e s r e p r e s e n t one 
a c r e of crop; o t h e r u n i t s such as h e c t a r may a l s o be u s e d . 
Exc lud ing r a i n f a l l , a d i s t i n c t i o n i s made between i r r i g a t e d 
land and dry l a n d . The symbols I and D are used t o denote i r r i g a t e d 
and dry land r e s p e c t i v e l y . Furthermore, a d i s t i n c t i o n i s made accord ing 
to the l e v e l of f e r t i l i z a t i o n used: Fl d e n o t e s l i g h t f e r t i l i z a t i o n 
and F2 d e n o t e s heavy f e r t i l i z a t i o n . 
To summarize, we have the f o l l o w i n g v a r i a b l e s : 
XDFl 
s , 
= Acreage of dry land u s i n g l i g h t f e r t i l i z a t i o n 
XDF2 
s , c , j 
= Acreage of dry land u s i n g heavy f e r t i l i z a t i o n 
XI F l 
s , 
= Acreage of i r r i g a t e d land u s i n g l i g h t f e r t i l i z a t i o n 
XIF2 
s , c , j 
= Acreage of i r r i g a t e d land u s i n g heavy f e r t i l i z a t i o n 
s = 1 ind i c a t e s S e c t o r I , s = 2 i n d i c a t e s S e c t o r I I , c i s the 
crop i d e n t i f i e r , and j i s the r e g i o n i d e n t i f i e r . For example , XDFl^ ^ ^ 
i s acreage of dry land a l l o c a t e d to S e c t o r I of r e g i o n 5 for growing crop 
3 u s i n g low f e r t i l i z a t i o n . Note tha t the d i f f e r e n c e between t h e two 
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s e c t o r s , in terms of product ion f u n c t i o n s , w i l l be r e f l e c t e d in the 
e f f i c i e n c y of i r r i g a t i o n and amounts of f e r t i l i z e r a p p l i e d to the 
c r o p s . Sometimes, the t r a d i t i o n a l s e c t o r , may not have f e r t i l i z e r 
a p p l i c a t i o n s at a l l . 
Note a l s o t h a t cropping a c t i v i t i e s are aggregated a c t i v i t i e s , 
tha t i s , t a s k s l i k e p lowing , h a r v e s t i n g , t i l l i n g , are combined to 
make up one unique a c t i v i t y of growing a c e r t a i n crop on a g i v e n 
p i e c e of l a n d , by some p r e s p e c i f i e d t e c h n i q u e . 
i i ) The R o t a t i o n A c t i v i t i e s . Rota t ion a c t i v i t i e s w i l l i n c l u d e 
the v e g e t a b l e s and o t h e r crops which may be grown more than one t ime 
a y e a r . They w i l l be inc luded i n adequate r o t a t i o n s accord ing to 
t h e i r cropping sys tems and agronomic c h a r a c t e r i s t i c s . There are 
s e v e r a l ways to e n t e r t h e s e r o t a t i o n s i n t o the model depending 
on whether we l e a v e i t t o the model to determine the b e s t sequence 
of crops or n o t . Some work in t h i s area i s done f o r t h e farm l e v e l 
by Heady and Candler [ 1 9 5 8 ] , Gee and Edwards [ 1 9 6 8 ] , and Barnard and 
Nix [ 1 9 7 3 ] . 
The r e p r e s e n t a t i o n of crop r o t a t i o n requirements i n t o programming 
mode l s , and the i n t e r p r e t a t i o n s of the s o l u t i o n s in terms of the p r a c t i c a l 
r o t a t i o n s to be f o l l o w e d i s a d i f f i c u l t t a s k . One major problem i s 
t h e l a c k of data on crop re sponse to changes in r o t a t i o n s . When t h e r e 
i s an i n t e r a c t i o n among crops such t h a t the y i e l d of one crop i s a 
f u n c t i o n of the r o t a t i o n w i t h i n which i t i s grown, i t i s d e s i r a b l e t o 
d e f i n e r o t a t i o n . For example, maize in a maize-oats -meadow-maize 
r o t a t i o n i s l i k e l y to y i e l d more and respond d i f f e r e n t l y t o f e r t i l i z e r s 
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than does cont inuous m a i z e . Here the whole r o t a t i o n w i l l be e n t e r e d 
as a s i n g l e a c t i v i t y . 
Other c o n s i d e r a t i o n s for i n c l u d i n g r o t a t i o n s a r e , s o i l f e r t i l i t y 
c o n s e r v a t i o n , and c o n t r o l of weeds and d i s e a s e s . For i n s t a n c e i t i s 
p r e f e r a b l e to r o t a t e s h a l l o w - r o o t e d crops w i t h d e e p - r o o t e d crops 
s i n c e each type o b t a i n s n u t r i e n t s from d i f f e r e n t l e v e l s in t h e s o i l . 
A l s o , r o t a t i n g crops that use s o i l f e r t i l i t y w i t h ones tha t add t o i t 
as in t h e c a s e of c o t t o n and c l o v e r i n Egypt, i s a d e s i r a b l e th ing 
to do . In p r a c t i c e , l i t t l e data e x i s t to d e s c r i b e such phenomena, 
and we w i l l b a s e our work on current r o t a t i o n p r a c t i c e s and t h e i r 
demonstrated r e s u l t s i n terms of y i e l d s and i n p u t s u s e d . We w i l l 
formulate crop i n t e r - d e p e n d e n c i e s in two ways: 
(1) . Compounding_a R o t a t i o n jflt_o_a Single_ A c t i v i t y . In t h i s 
c a s e , the i n p u t - o u t p u t data f o r t h e i n d i v i d u a l crops are added i n t o 
s i n g l e a c t i v i t i e s which are then entered in the matr ix c o n s t r a i n t s 
as such . To i l l u s t r a t e , c o n s i d e r the r o t a t i o n : 
F i r s t y e a r : Wheat 
Second year : Beans 
Third y e a r : Bar ley 
The i n p u t - o u t p u t data f o r the i n d i v i d u a l crops i s g i v e n be low: 
Wheat (1 acre ) Beans (1 a c r e ) Bar l ey (1 acre ) T o t a l 
Cost ($) 400 200 300 900 
Land ( a c r e s ) 1 1 1 3 
Labor (hours) 200 80 50 330 
Then we c a l l t h i s r o t a t i o n Rl and e n t e r i s as a s i n g l e a c t i v i t y w i t h 
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c o s t c o e f f i c i e n t 900 and w i t h u n i t land consumption of 3 a c r e s and 
u n i t l abor consumption of 330 h o u r s . 
Suppose that the s o l u t i o n i n d i c a t e d a product ion of 20 u n i t s 
of the above r o t a t i o n a c t i v i t y . This means t h a t 20 a c r e s of wheat , 
20 a c r e s of beans and 20 a c r e s of b a r l e y are grown each year i n the 
f o l l o w i n g manner, during a sequence of t h r e e y e a r s ; 
1 s t Year 2nd Year 3rd Year 
Wheat Beans Bar ley 
Beans B a r l e y Wheat 
Bar l ey 
. J 
Wheat Beans 
The above r e c t a n g l e s r e p r e s e n t 60 a c r e s of land d i v i d e d i n t o t h r e e p a r t s 
of 20 a c r e s e a c h , which g i v e s the d e s i r e d r o t a t i o n a l e f f e c t . The 
advantage of t h i s t reatment i s t h a t i t a l l o w s for in terdependency between 
crops in the r o t a t i o n , and the r e s u l t s of the program s o l v e d can be 
i n t e r p r e t e d very e a s i l y in terms of p r a c t i c a l r o t a t i o n s . 
Now suppose t h a t the above r o t a t i o n Rl appears in t h e s o l u t i o n 
a t a l e v e l of 100 , and t h a t another r o t a t i o n R2, c o n s i s t i n g of 
p o t a t o e s - p a s t u r e - b a r l e y appears at a l e v e l of 30 . In such a c a s e a 
farm land would have to be d i v i d e d i n t o two b l o c k s , each w i t h i t s 
s e p a r a t e r o t a t i o n . I f the p r a c t i c a l implementat ion of the s o l u t i o n 
makes i t d e s i r a b l e not to grow the same crop on two d i f f e r e n t a r e a s 
w i t h i n the farm, and s i n c e b a r l e y b e l o n g s to both r o t a t i o n s , one may 
add t h e r e s t r i c t i o n R1.R2 = 0 i n the model . This would cause n o n l i n e a r i t y 
of the model . For t h e r e g i o n a l a l l o c a t i o n problems, however, based on 
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the s i z e s of the farms in the r e g i o n , the r o t a t i o n s r e t a i n e d in t h e 
s o l u t i o n would be d i s t r i b u t e d among the d i f f e r e n t farms in such a way 
to avo id t h i s problem. 
(2). Bounds on the I n d i v i d u a l Crops. Another way in which we 
w i l l handle r o t a t i o n s i s to p l a c e bounds on i n d i v i d u a l crops or 
groups of crops t h a t form the r o t a t i o n . For example , i f we know t h a t 
f o r the purpose of d i s e a s e c o n t r o l , we need tomato crops t o be 
s epara ted by f i v e years on the same p i e c e of l a n d , and i f 50 a c r e s 
of land are a v a i l a b l e , then only one f i f t h of t h i s l a n d , t h a t i s 
10 a c r e s , may be p l a n t e d w i t h tomatoes any g i v e n year which g i v e s 
the r o t a t i o n a l e f f e c t shown below: 
Years : 1 2 3 4 5 
There are two c a s e s t o c o n s i d e r depending on whether the area of land 
a v a i l a b l e to the r o t a t i o n crops i s f i x e d and known in advance or depends 
on t h e l e v e l s of n o n - r o t a t i o n crops which compete f o r the same r e s o u r c e s 
in the program. 
Fixed Bounds 
Suppose t h a t f o r reasons r e l a t e d to s o i l f e r t i l i t y and d i s e a s e 
c o n t r o l , i t i s r equ ired t h a t four y e a r s are t o s e p a r a t e s u c c e s s i v e 
p l a n t i n g s of tomatoes and p o t a t o e s on the same land- t h r e e years between 
s u c c e s s i v e c a r r o t c r o p s , two y e a r s between s u c c e s s i v e crops of b e a n s , and 
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year between s u c c e s s i v e crops of p e a s . I f on ly 100 a c r e s are a v a i l a b l e , 
then the maximum area of tomatoes and p o t a t o e s combined must n o t 
exceed one f i f t h of the 100 a c r e s . S i m i l a r l y , the maximum f r a c t i o n 
of land t h a t can be a l l o c a t e d i s one quarter f o r c a r r o t s , one t h i r d 
f o r beans , and one h a l f f o r p e a s . We then r e p r e s e n t the r o t a t i o n a l 
requirements by the f o l l o w i n g matr ix of land c o n s t r a i n t s : 
C o n s t r a i n t s ( a c r e s ) Tomatoes P o t a t o e s Carrots Beans Peas RHS 
T o t a l Land 1 1 1 1 1 <_ 100 
Maximum Tomatoes 
and P o t a t o e s 1 1 <_ 20 
Maximum Carrots 1 <_ 25 
Maximum Beans 1 <_ 33 
Maximum Peas 1 <_ 50 
Note t h a t the sum of the i n d i v i d u a l crop bounds i s 128 a c r e s , which 
e x c e e d s the t o t a l land r e s o u r c e s of 100 a c r e s , t h e r e f o r e g i v i n g some 
f l e x i b i l i t y of choos ing the b e s t s e q u e n c e . 
Other Bounds 
This i s the c a s e where land i s a v a i l a b l e to a c t i v i t i e s o t h e r than 
r o t a t i o n s . In the above example, i f we i n c l u d e wheat and permanent 
p a s t u r e i n t o the program, they w i l l a l s o be competing f o r the l a n d . 
Here we w i l l i n c l u d e the r o t a t i o n a l e f f e c t i n the f o l l o w i n g manner. Even 
though we do no t know in advance the t o t a l land a v a i l a b l e t o the v e g e t a b l e 
c r o p s , we know that i t w i l l be equal to the sum of the a r e a s a l l o c a t e d 
to each one of them. I f we l e t T, P, C, B and PE s tand f o r the area of 
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t o m a t o e s , p o t a t o e s , c a r r o t s , b e a n s , and peas r e s p e c t i v e l y , r e q u i r i n g 
that the combined area of tomatoes and p o t a t o e s , f o r example, be l e s s 
than or equa l to o n e - f i f t h of the t o t a l a r e , could be w r i t t e n : 
T + P < 1 /5 (T + P + C + S + PE) , or 
0 . 8 T + 0 . 8 P - 0.2C - o . 2 B - 0 .2 PE £ 0 
N o r m a l i z i n g , the f o l l o w i n g c o n s t r a i n t i s o b t a i n e d : 
4T + 4P - C - B - PE <_ 0 
This land c o n s t r a i n t i s e n t e r e d in the c o n s t r a i n t s matr ix in t h a t form. 
We can do the same t r a n s f o r m a t i o n f o r a l l o ther crops t h a t r e q u i r e 
r o t a t i o n r e l a t i o n s h i p s and end up w i t h a matr ix of c o n t i n g e n c y 
r e l a t i o n s between crops in which only the d i a g o n a l e l ement s are p o s i t i v e . 
So f a r , t h i s method i s f e a s i b l e f o r de termin ing the amounts of 
d i f f e r e n t areas of crops to be grown, t ak in g i n t o account the 
r o t a t i o n a l e f f e c t . But i t s t i l l needs to be a d j u s t e d to t e l l us the 
sequence in which crops w i l l be grown and i n what amount. The same 
c o n t i n g e n c y r e l a t i o n s h i p w i l l be used here to accompl i sh the d e s i r e d 
adjus tment . 
Using the same p r e v i o u s example, i f we w i s h peas t o f o l l o w e i t h e r 
beans or c a r r o t s , but no t tomatoes or p o t a t o e s , because of p o s s i b l e 
d i s e a s e , and c a r r o t s to f o l l o w only p o t a t o e s , we would add the f o l l o w i n g 
c o n s t r a i n t s t o the c o n t i n g e n c y matr ix de f ined b e f o r e : 
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C o n s t r a i n t s ( a c r e s T P C B PE RHS 
Peas Sequence - 1 - 1 1 <_ 0 
Carrots Sequence - 1 1 <_ 0 
Thus, t h e peas area w i l l no t exceed the combined area of c a r r o t and 
b e a n s , and s i n c e i t must a l s o obey the maximum peas c o n s t r a i n t s a l ready 
formula ted , the r o t a t i o n a l a f f e c t i s comple t e . The same t h i n g i s v a l i d 
for c a r r o t s . 
Note t h a t i f i t i s d e s i r e d t h a t one acre of a g i v e n crop i s t o 
be f o l l o w e d by l e s s than one acre of another c r o p , then we only need 
t o r e p l a c e the - 1 c o e f f i c i e n t by the d e s i r e d p r o p o r t i o n i n the 
corresponding c o n s t r a i n t . Along the same l i n e , i f we have a r o t a t i o n 
in which beans w i l l have to f o l l o w c a r r o t s t w i c e , we would add t h e 
c o n s t r a i n t : 
C o n s t r a i n t ( a c r e s ) T P C B PE RHS 
Bean Sequence - 2 1 <_ 0 
Any o t h e r p r o p o r t i o n can be handled s i m i l a r l y . We then s e e t h a t the 
adequate t r a n s f e r rows can c r e a t e the n e c e s s a r y l i n k s between crops 
r e s u l t i n g in the d e s i r e d r o t a t i o n a l e f f e c t . 
A l s o , w h i l e the f i r s t method of combining r o t a t i o n s i n t o s i n g l e 
a c t i v i t i e s a u t o m a t i c a l l y a l l owed for t h e c o r r e c t sequenc ing of c r o p s , 
t h a t method was r e l a t i v e l y l e s s f l e x i b l e than the l a s t o n e , s i n c e each 
crop in the sequence had t o occupy a f i x e d p r o p o r t i o n of land r e l a t i v e 
t o t h e o t h e r crops in the r o t a t i o n , and t h e s e f i x e d p r o p o r t i o n s would 
have to be chosen b e f o r e the problem i s s o l v e d . 
In our work, we w i l l a l l o w f o r the use of both methods . The 
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f i r s t method w i l l be used to handle cont inuous crops t h a t need to 
be r o t a t e d every four or f i v e years wi th some o ther c r o p s ; t h e 
second one w i l l be e s s e n t i a l l y used for sequenc ing v e g e t a b l e c r o p s . 
N o t a t i o n 
A r o t a t i o n a c t i v i t y , exogenous ly d e f i n e d , w i l l be denoted by 
Y_̂ , where i = 1 , 2 , . . . , R . For example , i = 1 may denote t o m a t o - l e n t i l -
c a r r o t , and i = 2 may denote wheat-wheat-pasture-meadow. One u n i t 
of t h e s e a c t i v i t i e s r e p r e s e n t as many a c r e s as t h e r e are crops 
inc luded i n the r o t a t i o n . 
Exc luding r a i n f a l l , a d i s t i n c t i o n i s made accord ing to t h e 
l e v e l of i r r i g a t i o n used: L denote s low i r r i g a t i o n and H d e n o t e s 
h igh i r r i g a t i o n . Furthermore, a d i s t i n c t i o n i s a l s o made a c c o r d i n g 
to the l e v e l of f e r t i l i z a t i o n a p p l i e d : Fl d e n o t e s l i g h t f e r t i l i z a t i o n 
and F2 d e n o t e s heavy f e r t i l i z a t i o n . To summarize, we have the 
f o l l o w i n g v a r i a b l e s : 
YLFl . . = acreage of land u s i n g low i r r i g a t i o n and l i g h t 
f e r t i l i z a t ion 
YLF2 . . = acreage of land u s i n g low i r r i g a t i o n and heavy 
f e r t i l i z a t i o n 
YIlFl . . = acreage of land u s i n g h igh i r r i g a t i o n and l i g h t 
f e r t i l i z a t i o n 
YHF2 . . = acreage of land u s i n g h igh i r r i g a t i o n and heavy 
f e r t i l i z a t i o n 
where s = 1 i n d i c a t e s S e c t o r I , s = 2 i n d i c a t e s S e c t o r I I , i i s the 
r o t a t i o n i d e n t i f i e r and j i s the r e g i o n i d e n t i f i e r . For example 
YLF2. _ . i s the acreage of land a l l o c a t e d to S e c t o r I I of r e g i o n 2 
2., 2. j I 
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which need t o be f r e e w i t h no r o t a t i o n a l requirements are e n t e r e d 
the same way, but no r e l a t i o n s h i p to o t h e r crops w i l l be formulated 
f o r them. Note a l s o t h a t when sequences of crops are to be grown 
during the same y e a r , we w i l l a d j u s t the land r e s o u r c e s by a cropping 
r a t i o of land u t i l i z a t i o n or i n t e n s i f i c a t i o n . 
i i i ) The Permanent Crops. We w i l l d e f i n e permanent a c t i v i t i e s 
by SQ where 0 = 1 , . . . , N i s the number of f r u i t c a t e g o r i e s . Each 
c a t e g o r y w i l l be a compound of f r u i t s of t h e same t y p e . We are 
c o n s i d e r i n g on ly the e x i s t i n g acreage devoted to f r u i t s a l r e a d y in 
product ion and i n c l u d e i t in the supply of l a n d . A d d i t i o n a l orchard 
p l a n s w i l l no t be c o n s i d e r e d because the programming framework we 
are u s i n g i s no t s u i t e d f o r dynamic a n a l y s i s . These permanent 
a c t i v i t i e s are of i n t e r e s t to us because they do compete for o t h e r 
r e s o u r c e s such as w a t e r , l a b o r , f e r t i l i z e r , and machinery , and t h a t 
has i n e v i t a b l y an e f f e c t on the opt imal a l l o c a t i o n of o t h e r c r o p s . 
They w i l l have a d i s t i n c t land e q u a t i o n to make sure t h a t they do 
not v i o l a t e t h e s e c o n d i t i o n s . These a c t i v i t i e s w i l l be i n c l u d e d a t 
two l e v e l s of i r r i g a t i o n and f e r t i l i z a t i o n . 
We w i l l then have the f o l l o w i n g s e t of v a r i a b l e s : 
SLF1 s,0, j acreage of land u s i n g low i r r i g a t i o n and l i g h t 
f e r t i l i z a t i o n 
SLF2 s,0, j acreage of land u s i n g low i r r i g a t i o n and heavy 
f e r t i l i z a t i o n 
SHF1 s,0, j acreage of land u s i n g low i r r i g a t i o n and heavy 
f e r t i l i z a t i o n 
SHF2 s,0 , j acreage of land u s i n g h igh i r r i g a t i o n and l i g h t 
f e r t i l i z a t i o n 
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for growing r o t a t i o n 2 u s i n g low i r r i g a t i o n and heavy f e r t i l i z a t i o n . 
Other crops which are g e n e r a l l y grown s e v e r a l t imes during 
the year and have t o be r o t a t e d adequate ly w i l l be l e f t to the model 
to determine t h e amount of the acreage and the sequences in which 
they are to be grown. They w i l l be l i n k e d t o g e t h e r through a s e t 
of land c o n s t r a i n t s s p e c i f y i n g t h e i r r o t a t i o n r e q u i r e m e n t s . These 
crops w i l l be denoted by Z >̂ where k = l , 2 , . . . , k . For example , k = 1 
may denote beans and k = 5 may denote t o m a t o e s . One u n i t of t h e s e 
a c t i v i t i e s r e p r e s e n t one acre of l a n d . Exc luding r a i n f a l l , a d i s t i n c t i o n 
i s made accord ing t o t h e l e v e l of i r r i g a t i o n used: L d e n o t e s low 
i r r i g a t i o n and H d e n o t e s h igh i r r i g a t i o n . In a d d i t i o n , two r a t e s of 
f e r t i l i z a t i o n are d i s t i n g u i s h e d : Fl d e n o t e s l i g h t f e r t i l i z a t i o n 
and F2 d e n o t e s heavy f e r t i l i z a t i o n . 
To summarize, we have the f o l l o w i n g : 
ZLFl , . = acreage of land u s i n g low i r r i g a t i o n and l i g h t 
f e r t i l i z a t i o n 
ZLF2 , . = acreage of land u s i n g low i r r i g a t i o n and heavy s , k, j 
f e r t i l i z a t i o n 
ZHFl , . = acreage of land u s i n g high i r r i g a t i o n and heavy 
f e r t i l i z a t i o n 
ZHF2 , . = acreage of land u s i n g h igh i r r i g a t i o n and heavy 
s t 3 
f e r t i l i z a t ion 
where s = 1 i n d i c a t e s S e c t o r I , s = 2 i n d i c a t e s S e c t o r I I , k i s the 
crop i d e n t i f i e r , and j i s the r e g i o n i d e n t i f i e r . For example , ZLFl^ g 
i s the acreage of land a l l o c a t e d to S e c t o r I of r e g i o n 8 f or growing 
crop 5 u s i n g low i r r i g a t i o n and l i g h t f e r t i l i z a t i o n . Note t h a t crops 
61 
Where s i s the s e c t o r i d e n t i f i e r , 0 i s the permanent crop i d e n t i f i e r , 
and j i s the r e g i o n i d e n t i f i e d . 
i v ) L i v e s t o c k A c t i v i t i e s . Here we c o n s i d e r only major 
l i v e s t o c k a c t i v i t i e s such as d a i r y cows, beef cows, and s h e e p . Some 
o t h e r t y p e s w i l l be added accord ing to the s p e c i f i c a p p l i c a t i o n . These 
l i v e s t o c k a c t i v i t i e s u t i l i z e water , p a s t u r e , and feed commodit ies t h a t 
are a p p r o p r i a t e f o r t h e i r d e f i n e d r a t i o n s and l o c a t i o n . In a d d i t i o n 
to t h e i r producing meat and d a i r y p r o d u c t s , they c o n t r i b u t e t o the 
f e r t i l i z e r b a l a n c e through t h e i r w a s t e s t o be e v a l u a t e d i n n i t r o g e n 
e q u i v a l e n t s . Note t h a t t h i s l a t t e r a s p e c t i s important in d e v e l o p i n g 
c o u n t r i e s where, e s p e c i a l l y in S e c t o r I I , farms very seldom u s e 
chemical f e r t i l i z e r s but r a t h e r l i v e s t o c k w a s t e . 
The f e e d requirements w i l l be e n t e r e d d i r e c t l y in t h e demand 
m a t r i x which i s a d i f f e r e n t way from u s i n g t r a n s f e r a c t i v i t i e s , t h e 
usua l f o r m u l a t i o n . We w i l l denote l i v e s t o c k by L^, a = 1,...,4. 
a = 1 f o r da iry cows 
a = 2 f o r beef cows 
a = 3 f o r sheep 
a = 4 f or o t h e r t y p e s to be s p e c i f i e d . 
Thus L . i s used to denote the head of type a in s e c t o r s s , a , j 
of r e g i o n j . 
v) P a s t u r e V a r i a b l e s P a s t u r e a c t i v i t i e s can be inc luded i n 
a p p r o p r i a t e r o t a t i o n s as d e f i n e d e a r l i e r or on t h e i r own. In t h e 
l a t t e r c a s e , t h e r e w i l l be a d i s t i n c t i o n between dry and i r r i g a t e d 
p a s t u r e . As i n the c a s e of cont inuous c r o p s , there i s on ly one l e v e l 
of i r r i g a t i o n but two r a t e s of f e r t i l i z e r a p p l i c a t i o n . In some c a s e s , 
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p a s t u r e may not be f e r t i l i z e d , and t h a t w i l l be s p e c i f i e d i n t h e 
input c o e f f i c i e n t m a t r i x . 
= a c r e s a l l o c a t e d to p a s t u r e of type b u s i n g dry land 
s , b , j 
in s e c t o r s of r e g i o n j , b = 1 , . . ,B 
PT . = a c r e s a l l o c a t e d to p a s t u r e of type b u s i n g i r r i g a t i o n s , b , j 
in s e c t o r s of r e g i o n j , b = 1 , . . . B 
v i ) F e r t i l i z e r V a r i a b l e s . These v a r i a b l e s i n c l u d e the d i f f e r e n t 
t y p e s of f e r t i l i z e r s used i n each s p e c i f i c c a s e . Their l e v e l in t h e 
s o l u t i o n program w i l l i n d i c a t e the b e s t f e r t i l i z e r ba lance a s s o c i a t e d 
w i th the opt imal r e g i o n a l crop a l l o c a t i o n . The s e t of v a r i a b l e s w i l l 
be : 
F . = m e t r i c t o n s of f e r t i l i z e r of type v used i n r e g i o n i . 
v i i ) Machinery V a r i a b l e s . To avoid hand l ing i n t e g r a l i t y c o n d i t i o n s 
on each k ind of equipment, we w i l l d e f i n e G groups of machinery t h a t are 
used f o r some a g r i c u l t u r a l t a s k s t o g e t h e r w i t h an average number of 
days per year each group can be u s e d . We thus have the f o l l o w i n g 
v a r i a b l e s : 
E . = Days of e q u i v a l e n t machine type e used i n r e g i o n j 
e » J 
v i i i ) T r a n s p o r t a t i o n V a r i a b l e s . A t r a n s p o r t a t i o n model f o r 
the crop and l i v e s t o c k p r o d u c t i o n w i l l be inc luded to h e l p de termine 
t h e r e g i o n a l e u i l i b r i u m of supply and demand and t h e d i s t r i b u t i o n 
network d e n o t i n g f low among the r e g i o n s . Here we l e t tL . . , be 
commodity of type <J> t r a n s p o r t e d from r e g i o n j t o r e g i o n j 1 , j 4 j ' • 
i x ) D e v i a t i o n V a r i a b l e s . These v a r i a b l e s are in troduced i n 
the model t o measure t h e overachievement and underachievement of the 
demand g o a l s unemployment and f o r e i g n trade d e f i c i t . The f o l l o w i n g 
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v a r i a b l e s are d e f i n e d : 
N. . 
i j 
Underachievement of the employment t a r g e t in r e g i o n j , 
e x p r e s s e d in man-days 
P . . = Overachievement of the employment t a r g e t in r e g i o n j , e x p r e s s e d 
i n man-days 
hi = Underachievement of the demand t a r g e t f o r product $ i n r e g i o n 
j , e x p r e s s e d in m e t r i c t o n s 
Overachievement of the demand t a r g e t f o r product $ in r e g i o n 
j , e x p r e s s e d i n m e t r i c tons 
N 2 Underachievement of the meat demand g o a l e x p r e s s e d i n m e t r i c 
tons 
P 2 = Overachievement of the meat demand g o a l e x p r e s s e d i n m e t r i c - t o n s 
N 3 = Underachievement of the da iry product demand g o a l 
P 3 = Overachievement of the da iry product demand g o a l 
N 4 Underachievement of t h e maximum "foreign exchange t a r g e t 
P 4 Overachievement of the maximum f o r e i g n exchange t a r g e t 
b) The C o n s t r a i n t Set 
In t h i s model , we w i l l decompose the c o n s t r a i n t s i n t o two s e t s . 
The f i r s t s e t of c o n s t r a i n t s d e a l s w i t h r e s t r i c t i o n s t h a t are i n h e r e n t 
in each r e g i o n , such as a v a i l a b i l i t y of l a n d , f e r t i l i z e r , water and so 
f o r t h . The o t h e r s e t of c o n s t r a i n t s r e p r e s e n t s r e s t r i c t i o n s t h a t are 
shared by a l l r e g i o n s such as t o t a l land a v a i l a b l e , demands of meat and 
d a i r y produc t s and f o r e i g n exchange . This l a t t e r s e t of r e s t r i c t i o n s 
may a l s o i n c l u d e any s p e c i f i c i n s t i t u t i o n a l c o n s t r a i n t s or p a r t i c u l a r 
bounds to be d e f i n e d . 
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i ) Regional C o n s t r a i n t s . 
( 1 ) . The Land Matrix 
In each r e g i o n j , the dry acreage of land t h e i r r i g a t e d 
a c r e a g e LI^, and the acreage a l l o c a t e d to permanent crops LP^ are 
g i v e n . Thus, we must i n c o r p o r a t e r e s t r i c t i o n s t h a t l i m i t the acreage 
used by a l l a c t i v i t i e s to t h e i r r e s o u r c e a v a i l a b i l i t i e s . 
We s t a r t by the dry land r e s t r i c t i o n : 
c 2 c 2 B 2 B 2 
I I XDF1 . + I I XDF2 . + I I PDF1 + I I PDF2 , . 
c -1 s -1 S , C , J c -1 s -1 S ' C ' J b=l s-1 S ' , J b - 1 s -1 S , n , J 
< LD. 
This c o n s t r a i n t l i m i t s the u s e of dry land used by a l l c o n t i n u o u s crops 
and p a s t u r e t o the a v a i l a b l e r e s o u r c e s of dry land in both s e c t o r s 
f o r each r e g i o n . To keep the l e n g t h of the e q u a t i o n s down f o r c l a r i t y 
p u r p o s e s , we adopt the f o l l o w i n g n o t a t i o n : £ w i l l i n d i c a t e t h a t the 
f , c , s 
summation i s performed over a l l crops c a t the two l e v e l s of f e r t i l i z e r , 
F l and F2, in the two s e c t o r s of each r e g i o n . Then w r i t i n g the above 
dry land c o n s t r a i n t accord ing t o t h i s n o t a t i o n g i v e s : 
J XDF . + J PDF ^ . < LD. 
f , c , s S ' C ' J f , b , s S ' b ' J ~ J 
A d e t a i l e d r e p r e s e n t a t i o n of the complete model w i l l be found in Appendix 
A. 
For i r r i g a t e d l a n d , an e q u a t i o n i s s p e c i f i e d i n the same way, 
which i n c l u d e s cont inuous crops and p a s t u r e , crop r o t a t i o n s and a l l o t h e r 
crops whether i n sequence or f r e e . I t l i m i t s the use of a v a i l a b l e 
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i r r i g a t e d l a n d , LI , in both s e c t o r s of each r e g i o n . The c o n s t r a i n t 
i s as f o l l o w s : 
y X I F . + y P I F , . + y C Y L F . . + Y H F . J + y C Z L F . . 
f , c , s J f , b , s J f , i , s J J f , k , s J 
+ ZHF , . ) + I (SLF _ . + SHF n . ) < LI . s,k,j f o s S » ° » J s,0,j - J 
F o l l o w i n g t h i s c o n s t r a i n t i s the s e t of land r e l a t i o n s h i p to be s p e c i f i e d 
in each s e c t o r for each r e g i o n to e x p l i c i t l y account f o r the r o t a t i o n a l 
requirement of n o n - c o n t i n u o u s c r o p s . I t w i l l have t h e gen era l form: 
A.Z... < 0 
where K* = l 3 . . . , K * w i t h K* b e i n g a s u b j e c t of k i s the s e t of 
crops t o be e n t e r e d in a p p r o p r i a t e sequences by the model . i s a 
matr ix of c o n t i n g e n c y r e l a t i o n s h i p s and i s a v e c t o r of non cont inuous 
c r o p s . 
The next land r e s t r i c t i o n s p e c i f i e s a bound on t h e acreage of 
permanent c r o p s : 
y SLF n . + I SHF n . < LP. 
f,0 , s S > ° ' J f,0 , s S ' ° ' J - J 
Note t h a t the summation of the land r e s o u r c e LD., L I . , and LP. w i l l 
J J J 
no t n e c e s s a r i l y be equal to the t o t a l land a v a i l a b l e in each r e g i o n 
because we a l l o w f o r m u l t i p l e cropping w i t h i n a g i v e n y e a r , which 
t a k e s i n t o account the cropped area i n s t e a d of t h e land a r e a . 
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(2) F e r t i l i z e r Balance 
For each type of f e r t i l i z e r v = 1 , . . . > V , t h e r e i s a f e r t i l i z e r 
b a l a n c e r e l a t i o n s h i o p equat ing t h e f e r t i l i z e r requ irements f o r a l l 
crops t o the amounts to be purchased t o g e t h e r w i t h any l i v e s t o c k 
c o n t r i b u t i o n . This l a t t e r a s p e c t i s be ing more and more r e c o g n i z e d 
in s p e c i a l i z e d l i t e r a t u r e but has not been inc luded i n r e g i o n a l mode l s ; 
the i n t e r e s t e d reader may r e f e r to Brzoza [1975] and T a n j i [ 1 9 7 7 ] . 
The b a l a n c e e q u a t i o n f o r f e r t i l i z e r type v i s w r i t t e n as 
f o l l o w s : 
7 (a . XDF , + a . XIF .) + Y (a . PDF , . + 
f £ s s , c , j s , c , j s , c , j s ; c , j f b s S j b , : ] s » b > J 
a , . PIF , .) + T (a . . YLF . . + a . . YHF . .) + T (a . . s , b , j s , b , j f J e s , i , j s , i , j s , i , j s , i , j f r B s , k , j I , 1 ) S I ^ rC , o 
ZLF . . + a . . ZI1F . . ) + I (a . SLF _ . + a . SHF .) -
s ,k , j s ,k , j s ,k , j f o s > ° 3 3 S > ° » J s,0 , j s } 0 j 
2 J a . L . - F . = 0 =± s , a 5 j s , a , j v , j 
where: 
a . i s the per acre requirement of f e r t i l i z e r f o r cropping a c t i v i t y 
$, where $ = c s b , i , k , or 0 . 
a . i s t h e c o n t r i b u t i o n of l i v e s t o c k type a in s e c t o r s in r e g i o n j 
s » a > J 
to t h e f e r t i l i z e r b a l a n c e . 
F . i s the t o t a l amount of f e r t i l i z e r v in r e g i o n i t o be determined by 
the model . 
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Note t h a t a d i f f e r e n t c o e f f i c i e n t i s s p e c i f i e d f o r each crop at each 
l e v e l of f e r t i l i z a t i o n , at each l e v e l of i r r i g a t i o n , and in each 
s e c t o r of a g i v e n r e g i o n . In a d d i t i o n , the d i f f e r e n t requirements 
w i l l be measured in m e t r i c tons of f e r t i l i z e r . 
(3) P a s t u r e Balance 
Here a l s o , a p a s t u r e ba lance for each p a s t u r e type b = 1,...,B 
in each r e g i o n i s s p e c i f i e d . S i n c e , e s p e c i a l l y in the t r a d i t i o n a l l y 
s e c t o r a f termath p a s t u r e and straw q u a n t i t i e s d e r i v e d f o r h a v e s t e d 
crops are used t o f e e d l i v e s t o c k , we w i l l account f o r t h a t i n t h e 
p a s t u r e b a l a n c e . They are u s u a l l y d e r i v e d from e m p i r i c a l u s e . The 
e q u a t i o n w i l l g i v e the e q u i l i b r i u m between t h e q u a n t i t i e s of 
p a s t u r e r e q u i r e d by l i v e s t o c k and the q u a n t i t i e s produced p l u s any 
c o n t r i b u t i o n s d e r i v e d from a l l cropping a c t i v i t i e s . The c o n s t r a i n t 
i s w r i t t e n as f o l l o w s : 
2 4 I I 3 . L . < I (y , . PDF . + y . PIF .) + 
cti o-i s » a » J s > a » J ~ * t 0 s , b , j s , b , j s , b , j s , b , j s—i a—l i , d , s 
7 ( 3 . XDF . + 3 . XIF .) + J ( 3 . . YLF . . + 
f , c , s S ' C , J s ' c » 3 S > C » J S > C > J f i s s > 1 > 3 ' s , i , j 
8 . . YHF . .) + J ( 3 , . ZLF . . + 3 , . ZHF . . ) + s , i , j s , i , j f ^ k s s , k , j s , k , j s , k , j s , k , j 
. ^ ( 3 n . SLF n . + 3 n . SHF _ .) f , 0 , s s , O s j s , 0 , j s , 0 , j s , 0 , j 
Where: 
3 . i s the requirement in m e t r i c t o n s of p a s t u r e per head of s , a , j 
l i v e s t o c k a i n s e c t o r s of r e g i o n j . 
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y . i s the y i e l d per acre in m e t r i c tons of p a s t u r e type b in 
S j D j J 
s e c t o r s of r e g i o n j 
3 . . i s the per acre c o n t r i b u t i o n of crop $ = e , i , k , o r 0 t o the 
p a s t u r e b a l a n c e in s e c t o r s of r e g i o n j . 
(4) Water C o n s t r a i n t s 
To account f o r the d i f f e r e n c e s in s e a s o n a l requirements of the 
d i f f e r e n t crops and the randomness of p r e c i p i t a t i o n , we w i l l have an 
i r r i g a t i o n e q u a t i o n f o r each s e c t o r in which the requirements of a l l 
crops grown i n that s eason are compared to the r e s o u r c e s of water 
a v a i l a b l e in the s p e c i f i c l o c a t i o n . I f we l e t the a g r i c u l t u r a l year 
be d i v i d e d i n t o T p e r i o d s , T >_ 1, where T i s t o be s p e c i f i e d for each 
c a s e , we w i l l have T e q u a t i o n s . Note t h a t the i r r i g a t i o n and 
p r e c i p i t a t i o n have to complement each o t h e r so t h a t we w i l l account 
f o r t h i s a s p e c t by s u b t r a c t i n g t h e amount of r a i n f a l l from t h e 
i r r i g a t i o n requ irement . However, any s o i l m o i s t u r e s t o r e d i s not 
par t of t h e i r r i g a t i o n requirement; the i r r i g a t i o n i s d e f i n e d to be 
t h e requirement w i t h o u t which t h e crop i s l i m i t e d from l a c k of w a t e r . 
Then f o r each p e r i o d t = 1 , . . . , T in each r e g i o n j = 1 , . . . , A the 
f o l l o w i n g c o n s t r a i n t i s formula ted: 
I (u . XIF .) + I <o> , . PIF , .) + I <a> . . YLF 
f , c , s S ' C ' J S ' C ' J f , b , s S ' b ' J S ' b ' J f , l , s 
w . . YHF . . ) + I C o ZLF + a, ZHF .) + I 
s j 1 j J s , i , j f k s S ' s » ^ j J S , K , J S , K , J f 0 s 
? t t 
( u 8 , 0 , J S L F s , 0 , j + a ) s , 0 , j " " s . O , ^ + s i 1 " s , a , j L s , a , j - 9 j < " j 
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Where: 
co . i s the requirement in c u b i c meter s of water per u n i t of s } a , j 
l i v e s t o c k a c t i v i t y a, i n s e c t o r s of r e g i o n j 
y t , . i s the requirement of water i n cu b ic meters per a c r e of 
a c t i v i t y $ = C j b . i j k . O during p e r i o d t . The requirements are 
s p e c i f i e d f o r each l e v e l of i r r i g a t i o n , f o r each l e v e l of f e r t i l i z e r , 
and i n each s e c t o r of a g i v e n r e g i o n . 
^ i s the e f f e c t i v e r a i n f a l l during p e r i o d t i n r e g i o n j . No s p e c i f i ­
c a t i o n i s made f o r S e c t o r s I or I I f o r obv ious r e a s o n s . This amount i s 
c o n s i d e r e d s t o c h a s t i c and t r e a t e d as such whenever data i s a v a i l a b l e . 
t t r , co . . = Y , . - Q . g i v e s the net amount of i r r i g a t i o n . s.*,j s,$,j 
One way t o f o r m a l l y t r e a t the s t o c h a s t i c n a t u r e of p r e c i p i t a t i o n i s 
to d e r i v e a d i s t r i b u t i o n f u n c t i o n of e f f e c t i v e p r e c i p i t a t i o n from 
e m p i r i c a l data on p r e c i p i t a t i o n during each p e r i o d t , say (^^) . 
Then i f we g i v e o u r s e l v e s a r i s k l e v e l (1 - a) such t h a t : P r o b a b i l i t y 
[ r a i n f a l l > > a we w i l l have: t \ = F ( a ) . Note a l s o t h a t 
the above f o r m u l a t i o n of water c o n s t r a i n t s i n c o r p o r a t e s a d i m i n i s h i n g 
r e t u r n r e s p o n s e r e l a t i o n s h i p between crop y i e l d and water a p p l i c a t i o n , 
through d i f f e r e n t i a t i o n between two l e v e l s of i r r i g a t i o n f o r c e r t a i n 
a c t i v i t i e s , which w i l l be r e f l e c t e d i n the y i e l d s per a c r e of c r o p . 
For water model ing s e e Andrews [ 1 9 7 2 ] . 
(5) Machinery Balance 
For each type of machinery group e = 1 , . . . , G an equat ion i s t o 
be s p e c i f i e d . Based on t h e o r e t i c a l c a p a c i t i e s of equipments , an average 
number of days a year per group of equipment w i l l be determined and 
made a v a i l a b l e , during the whole a g r i c u l t u r a l y e a r , f o r crop work. 
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Using the n o t a t i o n s p e c i f i e d above the e q u a t i o n s w i l l be a s f o l l o w s : 
T ( c . XDF . + e . XIF .) + Y ( e . PDF ,_ . + ^ s , c , j s , c , j s , c , j s , c , j £ s , b , j s , b , j 
e , . PIF , . ) + Y ( e . . YLF . . + e . . YHF . . ) + Y s , b , j s , b , j J s , i , j s , i , j s , i , j s , i , j £ 
( e . . ZLF . . + e . ZHF .) + Y ( e . SLF n . + e n . 
s , k , j s , k , j s , k , j s , k . j f q s S , 0 , J S > ° > J s , 0 , j 
SHF n . ) < e . M . s , 0 , j - e , j e , j 
VThere e . i s the number of days of machine t ime r e q u i r e d each year 
per a c r e of crop $ = c , b s i , k , o r 0. e . i s t h e c a p a c i t y of each type 
e > J 
of equipment in days per year i n r e g i o n j . Again s p e c i f i c a t i o n i s t o 
be made for d i f f e r e n t l e v e l s of i r r i g a t i o n , f e r t i l i z e r , and d i f f e r e n t 
s e c t o r s i n each r e g i o n j . Note t h a t we s p e c i f y d i f f e r e n t c a p a c i t i e s 
t o account f o r d i f f e r e n c e s i n c l i m a t i c c o n d i t i o n s and s o i l t y p e s 
between r e g i o n s . For i n s t a n c e , in a sandy and hot r e g i o n a t r a c t o r 
w i l l break down more o f t e n than in a mi ld r e g i o n and t h a t w i l l d i m i n i s h 
i t s c a p a c i t y i n machine t i m e . A l s o , bad weather may p r e c l u d e machine 
o p e r a t i o n s f o r c e r t a i n r e g i o n s . 
An i l l u s t r a t i v e example w i l l c l a r i f y t h e above s t a t e m e n t . I f 
wheat , XDFl1 .. .. , and c o r n , XIF2. . , both in S e c t o r I of r e g i o n 1 , 
1 ) 1 ) 1 -L)<tC)_L 
need 100 and 50 hours of t r a c t o r t ime per acre r e s p e c t i v e l y , and i f we 
know t h a t a t r a c t o r c a p a c i t y i s 800 hours a y e a r , then the p a r t i a l 
e q u a t i o n w i l l be: 
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100 XDFl . . + 50 XIF2_ _ . < (800 - 60) M . 
J - . l . l 1 , 2 , 1 - e , j 
where 60 hours w i l l not be a v a i l a b l e from equipment e because of 
bad weather . 
F i n a l l y , M .̂ i s the number of equipment of type e needed t o 
accompl i sh the machine o p e r a t i o n on a l l t y p e s of crops during t h e 
e n t i r e a g r i c u l t u r a l year in r e g i o n j . 
(6) Labor C o n s t r a i n t s 
Labor supply i s assumed u n l i m i t e d because of r e a l c o n d i t i o n s 
i n d e v e l o p i n g c o u n t r i e s and in f a c t , one of the g o a l s of t h e model , 
i s t o reduce unemployment through a g r i c u l t u r a l l a b o r . We w i l l d i v i d e 
t h e supply of l a b o r in two p a r t s , both measured i n man-days per y e a r , 
i n each r e g i o n j . 
- Ordinary labor supp ly : HO^, not l i m i t i n g 
- S k i l l e d l a b o r supply: HS^, l i m i t i n g f a c t o r 
We do no t d i s t i n g u i s h between peak and normal p e r i o d s because t h e 
supply of o r d i n a r y labor i s assumed u n l i m i t e d . For s k i l l e d l a b o r , 
a f t e r the s o l u t i o n i s o b t a i n e d i t i s p o s s i b l e to p lan the l a b o r 
a c c o r d i n g l y . For o r d i n a r y l a b o r , HÔ  i s c o n s i d e r e d the employment 
t a r g e t t o a c h i e v e in each r e g i o n . Thus, the l abor e q u a t i o n i s as 
f o l l o w s : 
J (a . XDF . + A . XIF .) + J (a , . PDF , . 
f , c , s S > C » J s , c , j s , c , j s , c , j f b s s ' b ' J s , b , j 
+ X , . PIF , . ) ' + y (X . . YLF . . + A . .) + y (X . . s , b , j s , b , j J s , i , j s , i , j s , i , j £ s , k , j 





, . ) + I (A . SLF n . + A . SHF A •) + I I A 
, J f , 0 , s S >°»J S ' ° ' J S >°>J s > 0 , j s r x s , a , j 
L . + N. . - P. . = HO. 
Where: 
A . i s the requirement i n man-days of work per year per a c r e of 
cropping a c t i v i t y $ = c , b , i , k , 0 in r e g i o n j . 
A . i s the per u n i t requirement of labor f o r each type of l i v e s t o c k a , s , a , j 
in s e c t o r s of r e g i o n j , measured i n man-days per y e a r . 
N n . and P . . are the under and over achievement v a r i a b l e s in each r e g i o n 
j of t h e employment g o a l . 
The c o e f f i c i e n t s w i l l be s p e c i f i e d f o r each l e v e l of i r r i g a t i o n 
and f e r t i l i z e r and for each s e c t o r . Note that t h e s e c o e f f i c i e n t s , 
t o g e t h e r w i t h the machinery c o e f f i c i e n t i m p l i c i t l y determine the l e v e l s 
of t e c h n o l o g y in each s e c t o r of each r e g i o n . For s k i l l e d l a b o r , the 
same type of e q u a t i o n as f o r ordinary labor i s s p e c i f i e d , but does not 
i n c l u d e goa l achievement v a r i a b l e s . The per u n i t crop requ irements 
for s k i l l e d l a b o r are s p e c i f i e d a c c o r d i n g l y . Note that s k i l l e d l abor 
i s in tended to cover a l l o p e r a t i o n s t h a t r e q u i r e t e c h n i c a l c a p a b i l i t i e s 
i n c l u d i n g management o p e r a t i o n s . 
(7) Demand Matrix 
I t w i l l model the r e l a t i o n s h i p s between s u p p l y , coming from 
p r o d u c t i o n l e v e l s t o be determined by the model , and demand requirements 
in each r e g i o n . The t r a n s p o r t a t i o n a c t i v i t i e s w i l l permit the achievement 
of a r e g i o n a l e q u i l i b r i u m t o g e t h e r w i th any f o r e i g n t r a d e . We w i l l 
i n c l u d e the major crops which , from p a s t e x p e r i e n c e , have shown a d e f i c i t 
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r e l a t i v e to the demand and which are l i k e l y to be the most l i m i t i n g . 
We w i l l s p e c i f y the g e n e r a l form of the equat ion h e r e . In t h e p r a c t i c a l 
a p p l i c a t i o n s , f o r each crop a d i f f e r e n t e q u a t i o n i s f o r m u l a t e d . 
Let J . r e p r e s e n t cropping a c t i v i t y 4> = c , b i . k , 0 in r e g i o n j 
*»J 
and . be the y i e l d of tha t a c t i v i t y . Of course the y i e l d w i l l be 
d i f f e r e n t depending on whether t h e crop i s grown i n S e c t o r I or I I and 
i t s p r o d u c t i o n f u n c t i o n s p e c i f y i n g l e v e l s of i r r i g a t i o n , f e r t i l i z e r , 
l abor and machinery . Then f o r each such a c t i v i t y the demand b a l a n c e 
i s of the f o l l o w i n g form: 
. J , . + I (U. . , . I I . . , ) - £ . L 
:3 $,J ^ *j 3 $3.3 s , a , j s , a , j 
- E, . + I . = D . 
Where: 
TJ$i t i s the q u a n t i t y in m e t r i c tons of crop $ t r a n s p o r t e d from r e g i o n 
j 1 to r e g i o n j . 
$ 
£ . i s the requirement per u n i t of l i v e s t o c k a in s e c t o r s of Sja ,J 
of r e g i o n j , of crop $ to f eed t h e l i v e s t o c k a c t i v i t i e s L 
s ,a , j 
Note t h a t l i v e s t o c k f eed requirements are on ly inc luded i n the a p p r o p r i a t e 
demand e q u a t i o n such as f eed g r a i n s . 
E , , : i s t h e overachievement amount r e l a t i v e t o the g o a l t a r g e t f o r t h e 
demand of crop $ i n r e g i o n j . 
I : i s t h e underachievement amount r e l a t i v e t o t h e same g o a l . 
D . : i s the g o a l t a r g e t in terms of demand for crop $ i n r e g i o n j . 
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I t i s t o be noted t h a t the d e v i a t i o n v a r i a b l e s can be used f o r 
f o r e i g n t r a d e p o l i c y making and may be t r e a t e d as e x p o r t a t i o n and 
i m p o r t a t i o n l e v e l s r e s p e c t i v e l y and be u s e f u l in a n a l y s i s of f o r e i g n 
t r a d e . 
Whenever p o s s i b l e i t w i l l be p r e f e r a b l e t o o b t a i n the l e v e l s 
of exogenous demands, D . from data on p o p u l a t i o n and n u t r i t i o n a l 
needs per i n d i v i d u a l f o r each product . Regional p r o j e c t i o n s , i f based 
on t h e same p r e o c c u p a t i o n s can a l s o be u s e d . 
i i ) C o n s t r a i n t s on the Global L e v e l . These c o n s t r a i n t s w i l l 
i n c l u d e any i n s t i t u t i o n a l c o n s t r a i n t s , quotas imposed on c e r t a i n crops 
and bounds. The demands of meat and d a i r y products are a l s o c o n s i d e r e d 
a t t h i s l e v e l because of t h e i r s p e c i a l importance in f e e d i n g the 
p o p u l a t i o n . In a d d i t i o n , c a p i t a l e x p e n d i t u r e s are i n c l u d e d t o r e f l e c t 
l i m i t a t i o n s on c a p i t a l used by the p r i v a t e s e c t o r and f o r e i g n exchange 
e x p r e s s e d in d o l l a r s . 
(1) Meat and D a i r y ^ C o n s t r a i n t s 
S i n c e we do n o t e x p e c t a l l the l i v e s t o c k produc t ion t o be 
s l a u g h t e r e d , we have to used an i n d i c a t i o n on the p e r c e n t a g e t h a t would 
be kept a l i v e f o r r e p r o d u c t i o n and income p u r p o s e s , and a d j u s t the per 
u n i t o v e r a l l produc t ion of meat as f o l l o w s . I f L , l i v e s t o c k a , produces 
200 k i lograms of meat and i f 50% of t h e s e u n i t s are to be p r e s e r v e d , then 
the per u n i t p r o d u c t i o n i s c o n s i d e r e d 200 x 0 .5 = 100 f o r a l l u n i t s of 
l i v e s t o c k a. Thus, we w i l l i n c l u d e the p r o d u c t i o n of meat per u n i t , 
c a l l i t T), a f t e r ad jus tment . That w i l l g i v e the f o l l o w i n g meat demand 
e q u a t i o n : 
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4 A 2 ^, J- \ n . L . + N 0 - P = D a= l j = l s = l s , a , j s , a , j 2 2 m 
Where: 
n . i s the per u n i t a d j u s t e d product ion of meat by l i v e s t o c k type 
s » a > J 
a in r e g i o n j , s e c t o r s . 
^2*^2 a r e t b e u n d e r a n d o v e r ach ievements from the g o a l meat demand 
e x o g e n o u s l y s p e c i f i e d . For d a i r y p r o d u c t s , mi lk i s the most r e l e v a n t 
and has t h e f o l l o w i n g e q u a t i o n : 
4 A 2 
a=l j = l s = l Q s > a ' J L s > a » J + ^ 3 ? 3 D d 
Where: 
a . i s the e s t i m t e d product ion of m i l k , i n l i t e r s , per u n i t of s , a, j 
l i v e s t o c k a in s e c t o r s of r e g i o n j . 
The c a p i t a l equat ion f o r the p r i v a t e s e c t o r i s b a s i c a l l y inc luded f o r 
shor t term i n s t i t u t i o n a l c a p i t a l and has the form: 
A 
I I ( 6 1 $ j J l $ j> 1 ^1 
Where: 
J - . i s any cropping a c t i v i t y in the p r i v a t e s e c t o r in r e g i o n j t h a t 
r e q u i r e s c a p i t a l . 
6. . i s the c a p i t a l requirement per a c r e of crop product ion $ = c , b , i , k , 0 
•t»*>3 
i n t h e p r i v a t e s e c t o r i n each r e g i o n j . 
i s t h e r e s o u r c e of shor t term c a p i t a l a v a i l a b l e t o s e c t o r s during t h e 
a g r i c u l t u r a l y e a r . 
F i n a l l y , t h e f o r e i g n exchange c o n s t r a i n t i s mainly dependent on machinery 
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because most of i t i s u s u a l l y imported. I t w i l l a l s o i n c l u d e t h e 
requ ired i m p o r t a t i o n s of f e r t i l i z e r s and a g r i c u l t u r a l p r o d u c t s . 
The c o n s t r a i n t w i l l have the f o l l o w i n g form: 
A 2 v G 
gi-L s , v , j s , v , j s , e , j s , e , j £ s , $ , j s , * , j 
+ N4 " ? 4 - D 0 
Where: 
t . i s the amount of f o r e i g n exchange requ ired f o r each u n i t of s , v , j 
f e r t i l i z e r v 
t . i s the requirement f o r each u n i t of equipment e . 
t . i s the requirement f o r each ton of crop product imported . 
S » 9 , J 
D Q i s t h e maximum f o r e i g n exchange e x p e n d i t u r e s a l l owed f o r t h e 
p a r t i c u l a r a g r i c u l t u r a l y e a r . 
Any o t h e r i n s t i t u t i o n a l bounds on a c r e a g e s of crops can l i k e w i s e be 
formulated a t t h e g l o b a l l e v e l . 
c) The O b j e c t i v e Funct ion 
Given the above s e t s of v a r i a b l e s and c o n s t r a i n t s , one e x p e c t s 
t o f i n d s e v e r a l f e a s i b l e a g r i c u l t u r a l s p a t i a l programs of p r o d u c t i o n 
and thus a c r i t e r i o n of c h o i c e i s r e q u i r e d . Our p e r s p e c t i v e i s t o f i n d 
a p l a n which would be s a t i s f a c t o r y in terms of the g o a l s d e s i r e d . To 
do that we c o n s i d e r t h e s e t of c o n s t r a i n t s in t h e model This s e t 
i n c l u d e s two t y p e s of r e s t r i c t i o n s : 
- The r e s o u r c e r e s t r i c t i o n s having the form AX <_ b and BX <_ d, where 
b i s a v e c t o r of e x o g e n e o u s l y f i x e d l e v e l s of r e s o u r c e s such as l a n d , 
w a t e r , and s k i l l e d l a b o r , and d i s a v e c t o r of v a r i a b l e r e s o u r c e s whose 
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l e v e l s are t o be determined w i t h i n the s o l u t i o n of the model . 
- The g o a l r e s t r i c t i o n s , from which the o b j e c t i v e f u n c t i o n i s 
g e n e r a t e d , i n c l u d e employment, demand s a t i s f a c t i o n , and f o r e i g n 
exchange t a r g e t s . The form of t h e s e c o n s t r a i n t s i s AX + Y. - Z. 
J J 
38 Gy For i n s t a n c e , the employment equat ion s p e c i f i e s the number 
of man-days employed per year p l u s an d e v i a t i o n from t h e r e q u i r e d 
t a r g e t . In the e q u a t i o n above , i f y . > 0, then Ẑ  = 0 and we 
have an underachievement r e l a t i v e t o the t a r g e t s e t . I f y . = 0 
J 
then Z. > 0 and we have an overachievement r e l a t i v e t o t h e same 
J 
t a r g e t . I f y and Ẑ  are both z e r o , then t h e g o a l t a r g e t i s met 
e x a c t l y . I t i s t o be noted however t h a t in the c a s e of d e v e l o p i n g 
economies , the t a r g e t s e t are h igh enough t o make the i n t e r e s t 
f o c u s on minimiz ing the undes i red d e v i a t i o n s from g o a l s . We w i l l 
then have the o b j e c t i v e f u n c t i o n as a we ighted sum of t h e under -
ach ievements of employment and demand l e v e l s and overachievement of 
f o r e i g n exchange . Thus the o b j e c t i v e f u n c t i o n w i l l be a s f o l l o w s : 
Regions 
Min I [ ( w . . I . . ) , ( w . . N . . ) , (w 0 N ) j $>3 $>J i j i j 2 s 
( w 3 N 3) , ( w 4 P 4 ) ] 
where t h e w ' s are a p p r o p r i a t e w e i g h t i n g f a c t o r s to be d i s c u s s e d w i t h 
each s p e c i f i c c a s e . 
3.5 The S o l u t i o n Procedure 
Because of the d i f f i c u l t i e s a s s o c i a t e d w i t h be ing a b l e t o 
d e f i n e a r e a l i s t i c p r i o r i t y s t r u c t u r e over the d i f f e r e n t g o a l s and 
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because of u n a v a i l a b i l i t y of adequate so f tware r e s o u r c e s , we w i l l 
adapt the problem to be a b l e to use c o n v e n t i a l s implex r o u t i n e s . Thus., 
the o b j e c t i v e f u n c t i o n w i l l be equal t o the sum of the we ighted 
d e v i a t i o n s p e c i f i e d in the l a s t s e c t i o n . This means t h a t we are 
g i v i n g the same p r i o r i t y t o a l l g o a l s which, in f a c t , i s a r e a s o n a b l e 
t h i n g t o do. 
The w e i g h t i n g f a c t o r s can be der ived i n two ways: 
i ) The f i r s t way i s t o compute the c o s t of d e v i a t i n g from 
each g o a l by one u n i t and u s e i t as a w e i g h t i n g f a c t o r . 
For i n s t a n c e , i f we d e v i a t e from a wheat demand by - 1 0 , 
and i f each of t h e s e ten u n i t s w i l l be purchased o u t s i d e 
a t a c o s t of $2 , then we r e t a i n 2 as the d e s i r e d f a c t o r , 
i i ) The second way i s t o i d e n t i f y the c o n f l i c t i n g g o a l s such 
as demand s a t i s f a c t i o n and minimum f o r e i g n exchange 
and u s e range a n a l y s i s procedures in t h e f o l l o w i n g way t o 
d e r i v e the w e i g h t s : 
Given the g o a l s of our problem s p e c i f i e d i n the f o l l o w i n g t a b l e : 
N. P . N 4 RHS 
O b j e c t i v e Funct ion 1 0 0 a 0 
Achievement of 
Demand Goal i 1 - 1 
Achievement of Hard 
Currency Goal , No. 4 1 - 1 D 4 
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t h 
Where i r e p r e s e n t s the demand t a r g e t of the i product and g o a l four i s 
t h e f o r e i g n exchange maximum. By s e t t i n g a = 0 and min imiz ing the 
o b j e c t i v e f u n c t i o n a s in l i n e a r programming, we w i l l minimize t h e 
underachievement of demand i , i . e . , N . This would g i v e us a f i r s t 
program s o l u t i o n . Then i n c r e a s i n g a g r a d u a l l y on the b a s i s of range 
a n a l y s i s r e s u l t s , we w i l l d e r i v e a s e t of programs from which a "good" 
one i s to be chosen accord ing t o the importance a t t a c h e d to each g o a l . 
F i n a l l y , whenever data i s a v a i l a b l e , we w i l l formulate a m i n i ­
mum c o s t o b j e c t i v e , s o l v e the problem, and i n t r o d u c e t h e c o s t e q u a t i o n 
in t h e c o n s t r a i n t s e t so as to a c h i e v e the g o a l of minimum o v e r a l l 
c o s t . In t h a t c a s e , the magnitude of the t o t a l c o s t d e r i v e d from the 
l i n e a r program, or i t s m o d i f i c a t i o n i f i t i s too h i g h , w i l l c o n s t i t u t e 
the t o t a l c o s t t a r g e t g o a l . D e v i a t i o n v a r i a b l e s w i l l then be 
in troduced a c c o r d i n g l y . F i n a l l y , a maximum re turn o b j e c t i v e f u n c t i o n 
w i l l be formulated and i t s r e s u l t s compared w i t h the g o a l f o r m u l a t i o n . 
This o b j e c t i v e w i l l be: 
Max i i y77. A j . - y y I t . . . f U , . . f 
j s $ 3 , s > J , s , $ j = i j ' = i $ J J 
JrTj'̂ j 
Where: 
$ i s the index of a l l a c t i v i t i e s in the model . 
J . . r e p r e s e n t s t h e v e c t o r of a c t i v i t i e s . 
7T . . i s the v e c t o r of revenues J» s , $ 
j j ' i s the c o s t of t r a n s p o r t i n g product from r e g i o n j t o r e g i o n j 1 . 
The l a s t term g i v e s the o v e r a l l c o s t s of t r a n s p o r t a t i o n f o r a l l a c t i v i t i e s 
$ i n the model . 
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CHAPTER IV 
A TWO-REGION ALGERIAN MODEL 
With a p o p u l a t i o n of n e a r l y 18 m i l l i o n and an a g r i c u l t u r a l 
s e c t o r of over 42 m i l l i o n h e c t a r s , A l g e r i a i s d i v i d e d in two major 
n a t u r a l z o n e s : 
- The North zone ex tend ing from the Mediterranean Sea to t h e l i m i t s 
of the d e s e r t . 
- The South zone which i s the Sahara, o c c u p i e s t w o - t h i r d s of t h e 
country and produces on ly d a t e s . 
I t i s then the North that c a r r i e s the charge of producing t h e 
a g r i c u l t u r a l goods and f e e d i n g t h e p o p u l a t i o n . But the impact of 
t h e n a t u r a l c o n d i t i o n s on the r e g i o n and i t s product ion p o s s i b i l i t i e s 
i s very important because of the p a r t i c u l a r Mediterranean c l i m a t e where 
heat and r a i n f o l l o w each o t h e r i n s t e a d of be ing complementary. 
Under t h e s e c o n d i t i o n s and t h e l a c k of adequate p r i c i n g and 
government p o l i c i e s , t h e a g r i c u l t u r a l product ion has been v i r t u a l l y 
s tagnant f o r about t e n y e a r s . In 1962 , e i g h t y p ercen t of t h e p o p u l a t i o n 
depended on a g r i c u l t u r e f o r a l i v i n g . In 1975, more than f i f t y p ercen t 
of t h e A l g e r i a n work f o r c e was employed i n t h e a g r i c u l t u r a l s e c t o r and 
unemployment s t i l l remains a major i s s u e . 
Because data concern ing t h e supply of r e s o u r c e s and cropping 
requirements were not a v a i l a b l e f o r a l l a r e a s forming t h e a g r i c u l t u r a l 
A l g e r i a n s e c t o r , on ly two r e g i o n s were s t u d i e d f o r which b a s i c data 
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was a v a i l a b l e . In t h e f i r s t s e c t i o n , we w i l l p r e s e n t a b r i e f 
d e s c r i p t i o n of the two r e g i o n s , t h e i r c h a r a c t e r i s t i c s and r e l a t i v e 
importance . In s e c t i o n two, we w i l l d i s c u s s t h e d e r i v a t i o n of t h e 
c o e f f i c i e n t s f o r the model , t o g e t h e r wi th the assumpt ions u s e d . 
In t h e l a s t s e c t i o n , a p r e s e n t a t i o n of the r e s u l t s and t h e i r 
i n t e r p r e t a t i o n w i l l be g i v e n . 
4 . 1 D e s c r i p t i o n of the Two Regions 
As s t a t e d in chapter t h r e e , t h e b a s i s for a r e g i o n a l model i s 
t h e d e f i n i t i o n of homogeneous u n i t s . In our c a s e , s o i l type and c l i m a t e 
c o n d i t i o n s are the c r i t e r i a u s e d . F igure 7 shows t h e two r e g i o n s under 
s tudy: 
- The f i r s t r e g i o n , Oran, i s l o c a t e d i n the west part of t h e country 
and produces m o s t l y v e g e t a b l e s and permanent c r o p s . Cerea l s are a l s o 
produced but in minor p r o p o r t i o n s . 
- The second r e g i o n , C o n s t a n t i n e , i s l o c a t e d i n the n o r t h e a s t part 
of t h e country and i s b a s i c a l l y a g r a i n producing r e g i o n . In a d d i t i o n 
to d i f f e r e n c e s in n a t u r a l c o n d i t i o n s which are summarized i n Table 4 . 1 , 
r e g i o n two s u f f e r s from t h e l a c k of a good t r a n s p o r t a t i o n system and 
the s h o r t a g e of chemica l products and t e c h n i c a l a s s i s t a n c e . 
Within each r e g i o n , two s e c t o r s are d i f f e r e n t i a t e d . S e c t o r I , 
the c o o p e r a t i v e s e c t o r , i s r e l a t i v e l y more modernized in t h a t i t u s e s 
more t e c h n o l o g y and s c i e n t i f i c growing methods . I t i s government 
c o n t r o l l e d and thus r e c e i v e s a l l t h e f i n a n c i a l and t e c h n i c a l a s s i s t a n c e 
needed. In most c a s e s , i t has b e t t e r q u a l i t y lands and i r r i g a t i o n 




Figure J. The Two Regions of the A l g e r i a n Model 
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Table 4.1 Natural D i f f e r e n c e s Between t h e Two Regions 
C h a r a c t e r i s t i c s Region I - Oran Region I I - Cons tant ine J 
Climate Hot but humid 
very co ld w i n t e r s j 
very dry s u r r e r s 
R a i n f a l l 
(Average mm/year) 630 mm 350 mm j i 
.. .. - - - i 
A l t i t u d e 
(Above Sea l e v e l ) 
— • - _ — 
900 m 1200 m j 
Temperature 
(Average) 
Average Janu. August 
14 12 26 
Average January August 
l 
20 4 24 
S o i l Type 
i 
l i g h t and permeable 
sandy: good f o r perma­
nent crops 
compact and impermeable 
c l a y : good f o r c e r e a l crops j 
i 
i 
o n l y from e m p i r i c a l e x p e r i e n c e and has more lands of l e s s q u a l i t y . The 
d i f f e r e n c e between both s e c t o r s can be seen from t h e product ion c h a r a c ­
t e r i s t i c s , t h e r e l a t i v e importance and the d i s t r i b u t i o n of farm s i z e s , 
which we summarize i n Table 4 . 2 . Note a l s o t h a t , even though s e c t o r s 
are homogeneous throughout both r e g i o n s , d i f f e r e n c e s from r e g i o n t o 
r e g i o n do e x i s t , and w i l l be r e f l e c t e d i n the t e c h n i c a l c o e f f i c i e n t s . 
4 . 2 D e r i v a t i o n of the Model ' s C o e f f i c i e n t s 
Data was a v e r y l i m i t i n g f a c t o r in the f o r m u l a t i o n of t h i s model , 
B a s i c data on a c r e a g e s and s u p p l i e s were a v a i l a b l e from p u b l i c a t i o n s of 
t h e A l g e r i a n Department of A g r i c u l t u r e by d i s t r i c t s , f o r the 1972-74 
p e r i o d ^ . The l a c k of data over a p e r i o d of r e a s o n a b l e l e n g t h did n o t 
permit the use of time s e r i e s a n a l y s i s and we p r e f e r r e d to u s e a v e r a g e s 
"'"Ministry of A g r i c u l t u r e and Land Reform, " S u p e r f i c i e s e t P r o d u c t i o n " 
S t a t i s t i q u e A g r i c o l e , S e r i e A e t B, 1 9 7 2 - 1 9 7 4 , A l g e r i a , 
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Table 4.2 S e c t o r ' s D i f f e r e n c e s 
% 
A g r i c u l t u r a l land 
P r o d u c t i v e land 
Labor 











S e c t o r I 
- E x p o r t a t i o n ( v e g e t a b l e s , w i n e ) 
- B e s t l ands w i t h h igh y i e l d s 
-Mechanica t ion - mos t ly t r a c t o r s 
- F e r t i l i z e r s 
- I r r i g a t i o n 
Sec tor I I 
- L i v e s t o c k and c e r e a l s 
-Poor s o i l s w i th h i g h e r f e r t i l ­
i t y l o s s and low y i e l d s 
-Lack of f e r t i l i z e r s 
-Lack of c a p i t a l 
Land Use__ 
C e r e a l s 
V e g e t a b l e s 
Fal low 
Grazing 
S e c t o r I 
Not p r o d u c t i v e 
i 
§ 3 S e c t o r I I 
T O 80 100 
Curve of c o n c e n t r a t i o n showing the 












C u r u l a t i v e nunber 
30%. 95% 
farms (%) 
over t h e t h r e e y e a r s . Aggregat ion was performed over t h e f i v e d i s t r i c t s 
in r e g i o n I , and the seven d i s t r i c t s i n r e g i o n s I I t o o b t a i n data on t h e 
r e g i o n a l b a s i s . The d e r i v a t i o n of d i f f e r e n c e s in l e v e l s of f e r t i l i z e r 
and water are based on g e n e r a l i n d i c a t i o n s , from t h e same p u b l i c a t i o n 
c i t e d , on improved crop management s y s t e m s . 
a) The Cropping A c t i v i t i e s 
We have chosen n i n e cropping a c t i v i t i e s which e x i s t i n bo th 
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r e g i o n s and f o r which t h e r e are h igh demands r e l a t i v e t o o ther c r o p s . 
These are wheat , o a t s , p a s t u r e , tomatoes , p o t a t o e s , b e a n s , melon, 
p r o c e s s i n g t o m a t o e s , and o r a n g e s . Wheat and o a t s are the c o n t i n u o u s 
crops which cannot be grown more than one t ime a y e a r ; they are 
e n t e r e d in compounded r o t a t i o n s w i t h p a s t u r e and f a l l o w t o g i v e a 
r o t a t i o n a l e f f e c t over f i v e y e a r s as based on farmers ' p r a c t i c e s . 
- For Region I : 
R o t a t i o n I i s : w h e a t - w h e a t - w h e a t - w h e a t - o a t s 
R o t a t i o n I I i s : w h e a t - w h e a t - w h e a t - w h e a t - p a s t u r e 
- For Region I I : 
R o t a t i o n I i s : w h e a t - w h e a t - w h e a t - w h e a t - f a l l o w - o a t s 
R o t a t i o n I I i s : w h e a t - w h e a t - w h e a t - w h e a t - p a s t u r e 
These r o t a t i o n s are d i f f e r e n t i a t e d by l e v e l of f e r t i l i z e r and 
s e c t o r . For each r e g i o n t h e r e w i l l be e i g h t such a c t i v i t i e s on 
dry land and e i g h t on i r r i g a t e d l a n d . 
Oranges, t h e permanent cropping a c t i v i t y , are grown o n l y on 
i r r i g a t e d land and e n t e r t h e model in each r e g i o n a s e i g h t d i f f e r e n t 
a c t i v i t i e s depending on the f e r t i l i z e r r a g e , the l e v e l of i r r i g a t i o n , 
and t h e s e c t o r . The r e s t of t h e crops have to conform t o t h e f o l l o w i n g 
r o t a t i o n a l r e q u i r e m e n t s : 
In Region I ; 
- S u c c e s s i v e p l a n t i n g s of tomatoes must be s e p a r a t e d by t h r e e y e a r s . 
- S u c c e s s i v e p l a n t i n g s of p o t a t o e s , by two y e a r s . 
- S u c c e s s i v e p l a n t i n g s of b e a n s , by one y e a r . 
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In S e c t o r I 
- Beans w i l l f o l l o w tomatoes or p o t a t o e s . 
- P r o c e s s i n g tomatoes w i l l f o l l o w beans or melon . 
In S e c t o r I I 
- Tomatoes w i l l f o l l o w melons or b e a n s . They can a l s o f o l l o w 
p r o c e s s i n g tomatoes but on ly in a p r o p o r t i o n of 0.75, the r e s t 
b e i n g kept f o r e x p e r i m e n t a t i o n p u r p o s e s . 
- P o t a t o e s w i l l f o l l o w beans or melons o n l y . 
In Region I I 
- S u c c e s s i v e p l a n t i n g of tomatoes must be separated by four y e a r s . 
- S u c c e s s i v e p l a n t i n g s of p o t a t o e s by t h r e e y e a r s . 
- S u c c e s s i v e p l a n t i n g s of melons and p r o c e s s i n g tomatoes by two 
y e a r s . 
- S u c c e s s i v e p l a n t i n g s of beans , by one y e a r . 
In S e c t o r I 
- Beans w i l l f o l l o w tomatoes , p o t a t o e s , or p r o c e s s i n g t o m a t o e s . 
- P r o c e s s i n g tomatoes w i l l f o l l o w beans or m e l o n s . 
These r o t a t i o n a l requirements are formulated as s equences t o be 
determined by t h e model based on the methodology d e s c r i b e d i n c h a p t e r 
t h r e e , and a g a i n d i f f e r e n t i a t i o n i s made f o r d i f f e r e n t f e r t i l i z e r r a t e s 
and l e v e l s of i r r i g a t i o n , 
b) Other A c t i v i t i e s 
- Two l i v e s t o c k t y p e s , d a i r y cows and beef cows , are e n t e r e d by 
s e c t o r i n each r e g i o n . The c h o i c e i s based on t h e s h o r t a g e s of meat 
and mi lk in both r e g i o n s . 
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-Three t y p e s of f e r t i l i z e r a c t i v i t i e s , namely n i t r o g e n , po tas s ium 
and phosphate are s p e c i f i e d at the r e g i o n a l l e v e l and are used a t 
two d i f f e r e n t r a t e s each, f o r a l l cropping a c t i v i t i e s . 
- The machinery v a r i a b l e r e p r e s e n t i n g t r a c t o r s w i l l s p e c i f y t h e 
l e v e l of t e c h n o l o g y by s e c t o r i n each r e g i o n . 
- Based on t h e demand matr ix which i n c l u d e s wheat , t o m a t o e s , p o t a t o e s , 
b e a n s , m e l o n s , p r o c e s s i n g tomatoes , and o r a n g e s , f o u r t e e n t r a n s p o r t a t i o n 
v a r i a b l e s are s p e c i f i e d between t h e two r e g i o n s . 
- F i n a l l y , the r e s t of t h e v a r i a b l e s are the d e v i a t i o n s from t h e 
demands, employment, and hard f o r e i g n exchange . 
c) C o e f f i c i e n t s S p e c i f i c a t i o n s 
i ) F e r t i l i z e r B a l a n c e s . The f e r t i l i z e r c o e f f i c i e n t s a r e d e r i v e d 
- 3 
from the f o l l o w i n g n a t i o n a l f i g u r e s , g i v e n i n 10 m e t r i c - t o n s per 
1 
h e c t a r . 
Type of Crop N i t r o g e n Phosphate Potass ium 
Cerea l 12 26 13 
V e g e t a b l e s 36 37 39 
P r o c e s s i n g 45 67 90 
F r u i t s 103 41 74 
The f o l l o w i n g assumpt ions are made: 
- The p r i v a t e s e c t o r , t h a t i s , S e c t o r I I , u s e s h a l f of the r a t e s used 
by the c o o p e r a t i v e s e c t o r , tha t i s , S e c t o r I , i n both r e g i o n s . 
- The second r a t e of f e r t i l i z e r s would correspond t o an improvement 
^Minis try of A g r i c u l t u r e and Land Reform, " L ' A g r i c u l t u r e A l g e r i e n n e k 
t r a v e r s l e s c h i f f r e s " , S p e c i a l P u b l i c a t i o n , page 62 , 1970, A l g e r i a . 
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of 50% in the a c t u a l u s e . 
- Over the per iod of 1970-1975 , r e g i o n I I has c o n s i s t e n t l y used 
about 16% l e s s f e r t i l i z e r s , than r e g i o n I ; thus we w i l l r e t a i n t h a t 
f i g u r e a s the d i f f e r e n c e between the two r e g i o n s . 
The data f o r d i f f e r e n t t y p e s of f e r t i l i z e r s i s summarized 
in Table 4 . 3 , where Fl and F2 correspond to t h e two r a t e s of p o s s i b l e 
f e r t i l i z a t i o n . Note *hat t h e r o t a t i o n s c o e f f i c i e n t s are mere ly t h e 
compound of c o e f f i c i e n t s of each crop in t h e r o t a t i o n . Note a l s o t h a t 
t h e kind of beans under c o n s i d e r a t i o n i s supposed to use very l i t t l e 
f e r t i l i z e r . Inc luded in the f e r t i l i z e r b a l a n c e i s the c o n t r i b u t i o n of 
l i v e s t o c k to t h e n i t r o g e n e q u a t i o n . E s t i m a t i o n s in t h i s c a s e are based 
on recorded d a t a by N i c h o l and Heady [ 1 9 7 5 ] . In both r e g i o n s we used 
the f o l l o w i n g f i g u r e s : 
- For d a i r y cows: 0 .064 m e t r i c - t o n s of n i t r o g e n e q u i v a l e n t per y e a r . 
- For beef cows: 0 .026 m e t r i c - t o n s of n i t r o g e n e q u i v a l e n t per y e a r . 
i i ) P a s t u r e B a l a n c e . We s p e c i f i e d two k inds of e q u a t i o n s : 
- The f i r s t i s a pure p a s t u r e ba lance which g i v e s t h e e q u i l i b r i u m 
between the p r o d u c t i o n of p a s t u r e coming from r o t a t i o n s and t h e l i v e s t o c k 
r e q u i r e m e n t s . 
- The second i s an o a t s e q u a t i o n , which , because of l a c k of data to 
c o n v e r t i t i n t o a p a s t u r e - e q u i v a l e n t b a s i s , i s d i r e c t l y expres sed i n 
m e t r i c - t o n s of o a t s f o r l i v e s t o c k f e e d . I t a l s o i n c l u d e s t h e c o n t r i b u t i o n 
of o t h e r crops to t h e ba lance on an o a t - b a s i s e q u i v a l e n t . 
The d i f f e r e n t y i e l d s are computed as r a t i o s of average p r o d u c t i o n 
and acreage over a t h r e e year p e r i o d ; the f i g u r e s coming from p u b l i c a t i o n s 
of the A l g e r i a n Department of A g r i c u l t u r e . These f i g u r e s correspond t o 
Table 4 . 3 F e r t i l i z e r C o e f f i c i e n t s (10 M e t r i c - t o n s ) 
Cropping 
A c t i v i t i e s 
Rate ! 
N i trogen Phosphate Potass ium 
R o t a t i o n 1 
R o t a t i o n 2 

























S I I S I S I I S I S I I S I S H I S I S I I j S I S I I 
60 30 
90 j 45 
48 ; 24 
i 
72 j 36 
36 18 






50 : 25 
75 3 7 . 5 
40 ; 20 
60 30 
30 15 
45 2 2 . 5 j55.5 






130 65 I 110 
195 100 j 165 
104 52 j 88 
156 80 ! 132 
37 1 8 . 5 i 31 




19 67 3 3 . 3 
29 j 100 50 
4 3 . 5 ! 41 2 0 . 5 





55 : 65 3 2 . 5 55 28 
83 9 7 . 5 50 82 42 
44 | 52 26 44 : 22 
66 j 78 i 40! 66 ; 33 
1 5 . 5 39 ! 1 9 . 5 32 16 














67.5 i 104 
37| 62 
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the f i r s t r a t e of f e r t i l i z e r a p p l i c a t i o n . Based on the assumption 
of c o n s t a n t r e t u r n s to s c a l e , we d e r i v e d the y i e l d s f o r t h e a c t i v i t i e s 
a t t h e second r a t e of f e r t i l i z e r , namely, we assumed an i n c r e a s e of 
50% in the y i e l d s . Table 4 . 4 g i v e s a summary of r e s u l t s . The average 
l i v e s t o c k consumption r a t e s are g i v e n in Table 4 . 5 below: 
Table 4 . 4 Oats and P a s t u r e Y i e l d s (10 ^ M e t r i c - T o n s / h a ) , (Average 
1972-1974) 







rH ,' Region I ! Region I I \ Region I Region I I 
4-> 
u S I S I I S I I I S I i S I I S I ! S I I 
I - - - 4 - \ - f •-
Fl 
F2 
1 8 . 4 | 1 5 . 4 | 1 4 . 4 | 14 1 0 . 3 8 . 8 i j I I 
2 7 . 6 ' 2 3 . 1 ] 2 1 . 6 I 21 i 1 5 . 3 | 1 3 . 2 
Fl 
F2 
23 1 9 . 3 ! 18 1 7 . 5 1 2 . 8 
3 4 . 5 ; 2 8 . 8 | 27 • 2 6 . 3 : 1 9 . 1 
11 
1 6 . 5 
1 3 . 5 
1 1 . 3 
1 6 . 8 
8 . 6 j 
1 2 . 5 j 
10.7 | 
1 5 . 6 i 
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i i i ) Water C o n s t r a i n t s . We have noted b e f o r e t h a t r o t a t i o n s , 
s i n c e compris ing o n l y cont inuous c r o p s , are i r r i g a t e d at one l e v e l 
on ly and t h a t corresponds to t h e i r growing s e a s o n s , t h a t i s , w i n t e r -
s p r i n g . This i m p l i e s tha t r o t a t i o n s on dry land w i l l not u s e w a t e r . 
A l l o t h e r crops are s p e c i f i e d a t a low and a h igh l e v e l of i r r i g a t i o n 
wh^ch are two and t h r e e a c r e - f e e t of water per h e c t a r r e s p e c t i v e l y . 
No d i f f e r e n c e s are made between S e c t o r s I and I I because in format ion 
was not a v a i l a b l e for the p r i v a t e s e c t o r , but i t i s assumed t h a t 
d i f f e r e n c e s occur on ly in the d e l i v e r y system and not i n the amounts 
of w a t e r . The water c o e f f i c i e n t s are g i v e n f o r Table 4 . 6 . They have 
been a d j u s t e d t o take r a i n f a l l amounts i n t o a c c o u n t . An average amount 
of r a i n f a l l i s computed from a v a i l a b l e data f o r two s e a s o n s ; s eason one 
e x t e n d i n g from w i n t e r to s p r i n g , and season two, from summer t o autumn. 
The r e s u l t s i s s u b t r a c t e d from the two l e v e l s of i r r i g a t i o n t o g i v e 
t h e net water requirements f o r t h e two s e a s o n s . The l i v e s t o c k r e q u i r e ­
ments are based on t h e a v e r a g e s from N i c h o l and Head [1975] b e c a u s e 
n a t i o n a l f i g u r e s were not a v a i l a b l e . 
i v ) Machinery C o n s t r a i n t s . The machine time requ irements a r e 
computed from a v a i l a b l e data as r a t i o s of the number of days of t r a c t o r s 
used per year and t h e average a c r e a g e of crops which u t i l i z e d machine 
t ime . D i s t i n c t i o n was on ly made f o r groups of c r o p s , and l i v e s t o c k was 
assumed not u s i n g machinery. Table 4 . 7 g i v e s t h e r e s u l t s . 
v) Labor C o n s t r a i n t s . The l a b o r requirements r e f l e c t t h e 
d i f f e r e n c e in m e c h a n i z a t i o n between t h e s e c t o r s . Their d e r i v a t i o n i s 
s i m i l a r t o t h e machinery c o e f f i c i e n t s . We assumed t h a t s k i l l e d l a b o r 
i s about 25% in S e c t o r I and 15% in S e c t o r I I of the ord inary l a b o r i n 
92 
Table 4 . 6 Water Requirements 





R e g i o nII 
Winter ! 
Spring ^Summer 
R o t a t i o n s ( low -
a c r e - f e e t / h e c t a r ) .56 1 .35 
Other Crops (low -
a c r e - f e e t / h e c t a r ) .56 1 .37 1 .35 1 .5 
Other Crops (h igh -
a c r e - f e e t / h e c t a r ) ; 1 .56 
1 
2 .37 2 .34 2 . 5 
L i v e s t o c k (Dairy) 
L i v e s t o c k (Beef) 
0 .034 
0 . 0 2 1 
0 . 0 4 1 
0 .026 
Table 4 . 7 Machinery Requirements 
d a y s / h a / y e a r 
Region I 







S e c t o r I 
Fl ; F2 
R o t a t i o n s 
Other Crops | 3 
i 
R o t a t i o n s i 3 . 5 
Other Crops : 
4 . 5 
3 . 5 
S e c t o r I I 
Region I I 
S e c t o r I 
Fl 
2 . 5 
F2 







S e c t o r I I 
Fl ! F2 
4 
2 . 5 
2 . 5 
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r e g i o n two. In t h e f i r s t r e g i o n , the p r o p o r t i o n s are 30% and 20% 
r e s p e c t i v e l y . These p r o p o r t i o n s are based on g e n e r a l i n d i c a t i o n s 
from p u b l i c a t i o n of the A l g e r i a n Department of A g r i c u l t u r e ^ . The 
f i g u r e s are g i v e n in Table A.8 
Table A.8 Ordinary Labor Requirements (man d a y s / h a / y e a r ) (man d a y s / u n i t / 
yr) 
! Region I j Region I I 
A c t i v i t i e s j - j - ~ 
' S e c t o r I ! S e c t o r I I ! S e c t o r I S e c t o r I I 
' R o t a t i o n s j 10 
Other Crops J 20 










v i ) Demand Matr ix . The s p e c i f i c a t i o n of t h e y i e l d s of a l l cropping 
a c t i v i t i e s i s based on data on product ion and acreage over t h e p e r i o d 
of 1972-197A. An average i s determined f o r each crop i n each s e c t o r 
f o r t h e low l e v e l s of f e r t i l i z e r and i r r i g a t i o n . 
General c o n c l u s i o n s from a survey made by t h e Department of 
A g r i c u l t u r e on improving the y i e l d s of a l l crops are used t o determine the 
y i e l d s a t t h e h igh l e v e l s of f e r t i l i z e r s and i r r i g a t i o n s . The i n d i c a t i o n s 
g i v e n at t h e n a t i o n a l l e v e l are as f o l l o w s : 
- An i n c r e a s e of 50% i n f e r t i l i z e r r a t e s would r e s u l t i n an i n c r e a s e 
"'"Ministry of A g r i c u l t u r e and Land Reform, "Enquete sur l e s e c t e u r 
s o c i a l i s t e a g r i c o l e " , S e r i e Etudes e t Enquetes , No. 1 9 , 1975 , A l g e r i a . 
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of about 50% f o r c e r e a l crops and 25% f o r v e g e t a b l e s and permanent 
c r o p s . 
- An i n c r e a s e of 50% in i r r i g a t i o n , i n c l u d i n g b e t t e r d e l i v e r y 
sys tems and h igher a p p l i c a t i o n s , would r e s u l t s in about 25% of an 
i n c r e a s e in c e r e a l y i e l d s and o n l y 10% in o t h e r crop y i e l d s . 
The f i g u r e s are summarized in Table 4 . 9 f o r wheat and in Table 4 . 1 0 
f o r t h e o t h e r c r o p s . 
Table 4 . 9 Wheat Y i e l d s '10 M e t r i c - t o n s / h e c t a r ) 
A c t i v i t i e s 
Region I 
Dry I r r i g a t e d 
Region I I 
Dry ; I r r i g a t e d 
S I S I I S I S I I : S I S I I S I S I I 
Wheat i n Fl 
R o t a t i o n 1 j 
! F2 
Wheat i n 
R o t a t i o n 2 
Fl 
F2 




8 1 1 . 5 10 
12 1 6 . 8 ' 15 
8 7 . 5 10 9 . 4 
12 : 1 1 . 2 15 14 
- I i -
9 ! 1 2 . 5 1 1 . 2 9 8 . 2 i 1 1 . 3 1 0 . 2 | 
I , : . | ; ; 
13 1 7 . 5 1 6 . 2 13 12 1 6 . 3 15 : L v i i ) Global C o n s t r a i n t s . The short term c a p i t a l c o n s t r a i n t s 
f o r the p r i v a t e s e c t o r were not c o n s i d e r e d in t h i s f o r m u l a t i o n because 
no r e a s o n a b l e approximat ions were a v a i l a b l e on c a p i t a l requirements 
by u n i t of cropping a c t i v i t y . The mi lk and meat c o n s t r a i n t s were 
based on r e g i o n a l produc t ion per l i v e s t o c k u n i t from recorded d a t a . 
The r e s u l t s are summarized in Table 4 . 1 1 . 
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Table A JO Crop Y i e l d s (10 M e t r i c - t o n s per h e c t a r ) 
A c t i v i t y 




Region I I 
Low | High 
S I S I I S I S I I S I S I I ! S I S I I 
Fl 7 2 . 8 8 3 . 6 80 90 6 1 . 5 6 6 . 7 6 7 . 7 7 3 . 4 
F2 91 101 99 109 7 6 . 8 8 3 . 3 8 4 . 5 9 1 . 6 
Fl 91 105 100 .115 96 6 8 . 2 1 0 5 . 6 75 
F2 113 131 124 144 120 8 5 . 3 132 94 
Beans 
Melon 
»F1 6 .6 6 . 8 7 . 2 7 .5 6 . 8 7 . 3 7 . 5 8 
:F2 8 . 2 8 ,5 
P r o c e s s e d 
Tomatoes 
Oranges 
9 . 3 8 . 5 9 . 2 9 . 4 1 0 . 1 
Fl 7 7 . 5 90 84 100 44 56 4 8 . 4 6 1 . 6 
F2 196 113 106 123.7 55 , 70 6 0 . 5 77 
Fl 90 82 100 90 120 108 132 128 
F2 1 1 2 . 5 1 0 2 . 5 123 .7 112 .7 141 128 154 140 
Fl 104 .4 9 5 . 5 115 105 115 ' 9 6 . 4 1 2 6 . 5 106 
F2 130 119 143 128 142 120 156 132 
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Table 4 . 1 1 Milk and Meat P r o d u c t i o n 
Product 
Region I 
S e c t o r I b e c t o r I I 
Meat 0 . 1 3 
( M e t r i c - t o n s / 
u n i t / y e a r ) » 
Milk ; 2500 
( l i t r e / u n i t / , 
year ) ; 
0 . 1 0 
1500 
Region I I 
S e c t o r I' Sec tor I I 
0 . 1 1 i 0 . 09 
2600 1800 
The f o r e i g n exchange c o n s t r a i n t i s e x p r e s s e d in c o n s t a n t d o l l a r s 
f o r the p e r i o d 1 9 7 3 - 7 4 . I t i n c l u d e s a g r i c u l t u r a l p r o d u c t i o n s , machinery , 
and f e r t i l i z e r i m p o r t a t i o n s . The d e t a i l s a r e g i v e n in Table 4 . 1 2 . 
d) The Resource A v a i l a b i l i t i e s 
The land r e s o u r c e s are based on the a c r e a g e s in both r e g i o n s of 
dry and i r r i g a t e d land over the p e r i o d 1 9 7 0 - 7 4 . Only t h e a c r e a g e of t h e 
crops i n c l u d e d i n the model are a g g r e g a t e d . 
- Labor a v a i l a b i l i t i e s are based on the p o p u l a t i o n of -working age 
in each r e g i o n t imes an average of 270 days a y e a r , c o n s i d e r e d to be 
t h e f u l l employment r a t e . 
- Water r e s o u r c e s r e p r e s e n t the t o t a l amount i n each r e g i o n t h a t i s 
a v a i l a b l e from w e l l s , dams, and r i v e r b a s i n s . Underground water was 
not i n c l u d e d because i t s e x p l o i t a t i o n r e q u i r e s a d d i t i o n a l i n v e s t m e n t s . 
- Demands are based on n a t i o n a l f i g u r e p r o j e c t i o n s to f e e d t h e 
p o p u l a t i o n of b o t h r e g i o n s by 1985 w i t h o u t i m p o r t a t i o n s . 
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P o t a t o e s 
Melon 
Beans 





Constant P r i c e s 
30 ,000 
180 .00 
4 0 0 . 0 0 
4 5 0 . 0 0 
600 .00 
3 0 0 . 0 0 
200 .00 
2 0 0 . 0 0 
1000 .00 
0 . 1 
. U n i t 
t r a c t o r 
m e t r i c - t o n 
l i t r e s 
I t i s t o be noted t h a t i r r i g a t e d land i n both r e g i o n s i s a d j u s t e d 
to account for m u l t i p l e cropping during the year by a f a c t o r of 1 .4 i n 
r e g i o n I and 1 .56 i n r e g i o n I I , based on p a s t land u t i l i z a t i o n . S e e Table 4 . 1 3 
4 . 3 R e s u l t s of the Model an d Th e i r I n t e rp r e t a t i o n s 
The model was formulated w i t h e i g h t y c o n s t r a i n t s and two hundred 
v a r i a b l e s . I t was s o l v e d on a CDC CYBER 74 u s i n g an o p t i m i z a t i o n 
procedure package, MPOS. 
a) Minimum Weighted Costs S o l u t i o n 
The f i r s t run of the model was based on t h e m i n i m i z a t i o n of t h e 
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Table 4 . 1 3 Resource A v a i l a b i l i t i e s 
! Resource Region I Region I I u n i t 
Dryland 290 ,000 810,000 
.. - _ 
"nectar 
I r r i g a t e d land 141 ,000 8 9 , 9 0 0 
Permanent Crops 1 6 , 0 0 0 2 , 8 0 0 
Water 
(Season 1) 
1 3 0 , 0 0 0 9 2 , 6 0 0 a c r e - f e e t 
Water 
(Season 2) 
100 ,000 70 ,000 i t 
Labor 
(Ordinary) 
6 0 , 0 0 0 , 0 0 0 8 5 , 0 0 0 , 0 0 0 man-days 
Labor 
( s k i l l e d ) 
1 0 , 0 0 0 , 0 0 0 2 0 , 0 0 0 , 0 0 0 I I 
Demands 
Wheat 4 4 7 , 6 3 0 644 ,154 m e t r i c - t o n s 
Tomatoes 23 ,035 3 3 , 1 5 0 i t 
P o t a t o e s 154 ,685 222 ,596 t i 
Melon 8 2 , 8 0 0 119 ,150 
Beans 5 , 9 4 1 8 ,550 I I 
P r o c e s s e d 
Tomatoes 5 ,789 8 ,330 t i 




f o r e i g n exchange 
1 8 , 0 0 0 
9 8 , 0 0 0 , 0 0 0 
6 0 , 0 0 0 , 0 0 0 
m e t r i c - t o n s 
l i t r e s 
$ 
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t o t a l d e v i a t i o n s from the t a r g e t g o a l s , expressed in d o l l a r s . Because 
any underachievement of t h e demand g o a l s w i l l cause the d i f f e r e n c e t o 
be imported, u n i t p r i c e s f o r i m p o r t a t i o n are used a s the w e i g h t i n g 
f a c t o r s f o r t h e demand d e v i a t i o n s . 
In the c a s e of employment g o a l s , any underachivement w i l l mean 
an a d d i t i o n a l c o s t f o r each r e g i o n t o f eed the unemployed p o p u l a t i o n 
in the form of a i d or w e l f a r e suppor t . Thus, we adopted the minimum 
wage per day as the w e i g h t i n g f a c t o r . 
For f o r e i g n exchange , the o b j e c t i v e i s t o minimize t h e 
overachievement of the g o a l , t h a t i s , t h e maximum e x p e n d i t u r e s alloweid 
f o r each r e g i o n t o buy from o u t s i d e the country . And s i n c e t h e f o r e i g n 
exchange e q u a t i o n i s e x p r e s s e d in d o l l a r s , each u n i t of overachievement 
w i l l mere ly c o s t one d o l l a r . Under t h e s e c o n d i t i o n s , the s o l u t i o n 
program i s p r e s e n t e d i n Table 4.14. The e q u i l i b r i u m between t h e two 
r e g i o n s i s completed through t r a n s p o r t a t i o n a c t i v i t i e s g i v e n i n 
Table 4.15. Table 4.16 g i v e s t h e g o a l achievement l e v e l s and the 
p r o p o r t i o n s of d e v i a t i o n from the t a r g e t s s e t . 
The f i r s t t h i n g we n o t i c e i s the s p e c i a l i z a t i o n of t h e two s e c t o r s . 
S e c t o r I produces o n l y l i v e s t o c k and S e c t o r I I a l l o t h e r c r o p s . This 
i s e x p l a i n e d by the r e l a t i v e l y h igher y i e l d s and more e f f i c i e n t u s e of 
f a c t o r s of p r o d u c t i o n in the p r i v a t e s e c t o r . The c o o p e r a t i v e s e c t o r , 
even though more modern and government suppor ted , has a lways s u f f e r e d 
from major i n s u f f i c i e n c i e s in management and u s e of r e s o u r c e s . And i n 
r e a l i t y , most of the c o o p e r a t i v e s r e g i s t e r e d f i n a n c i a l d e f i c i t s o v e r 
t h e p a s t t en y e a r s . 
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Table 4 .14 S o l u t i o n R e s u l t s 
Region I Region I I 
A c t i v i t i e s 
Wheat (ha) 
Oats (ha) 
Pas ture (ha) 
Tomatoes (ha) 
P o t a t o e s 
Melons (ha) 
Beans (ha) 
P r o c e s s e d 
Tomatoes 
Oranges 
Dairy ( u n i t ) 
Beef ( u n i t ) 
Sec tor I S e c t o r I I S e c t o r I S e c t o r I I 
2 4 , 1 2 0 
231 ,999 
18 ,273 












2 , 8 0 0 
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Machinery (1) 
F e r t i l i z e r 
( m e t r i c - t o n s ) 
- N i t r o g e n 
- Phosphate 
- Potass ium 




2 5 1 . 5 
1 6 9 . 3 
232 
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T a b l e 4 . 1 5 T r a n s p o r t a t i o n S o l u t i o n 
c o 
•H 
Wheat ( m e t r i c - t o n s ) : 643 .000 
Tomatoes ( m e t r i c t o n s ) : 1 3 , 0 0 0 
P o t a t o e s ( m e t r i c - t o n s ) : 210 ,000 
Melons ( m e t r i c - t o n s ) : 119 ,150 
Beans ( m e t r i c - t o n s ) : 5 ,908 
P r o c e s s e d 
Tomatoes ( m e t r i c t o n s ) : 5 ,670 




T a b l e 4 . 1 6 Achievement of Goa l s 
Region I Region I I 
Goal s 
T a r g e t D e v i a t i o n 
P r o p o r ­
t i o n T a r g e t D e v i a t i o n 
P r o p o r ­
t i o n 
Wheat 4 4 7 , 6 3 0 1 6 6 , 3 9 1 -37% 644 ,154 6 4 3 , 0 0 0 -98% 
Tomatoes 2 3 , 0 3 5 16 ,392 +71% 3 3 , 1 5 0 1 3 , 0 0 0 -39% 
P o t a t o e s 1 5 4 , 6 8 5 1 6 , 7 8 8 - 1 0 . 8 % 222 ,596 117 ,956 -52% 
Melons 82 ,800 5 5 , 8 0 0 +67.4% 119 ,150 119 ,150 -100% 
Beans 5 , 9 4 1 5 ,908 +99.4% 8 ,550 5 ,908 -69% 
P r o c e s s e d 
Tomatoes 5 ,789 5 ,789 -100% 8 ,330 5 ,670 +68% 
Oranges 8 0 , 9 9 6 7 9 , 5 9 5 +98% 116 ,556 79 ,595 -68% 
Employment 6 0 ' ° ™ > 5 , 3 4 0 , 0 0 0 -9% ' "85 ,000 " 
i 000 8 , 5 0 0 , 0 0 0 -10% 
G l o b a l TARGET DEVIATION PROPORTION 
Mi lk 9 8 , 0 0 0 , 0 0 0 9 , 8 0 0 , 0 0 0 -10% 
i Meat 1 8 , 0 0 0 , 1 4 , 8 0 0 -82% 
f o r e i g n 
exchange 6 0 , 0 0 0 , 0 0 0 3 7 0 , 0 0 0 , 0 0 0 +600% 
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Between r e g i o n s , s p e c i a l i z a t i o n i s n o t very c l e a r . Region I I , 
which a lways has been a wheat producer , seems t o g i v e up i t s 
s p e c i a l i z a t i o n t o r e g i o n I . This i s e x p l a i n e d by t h e f a c t t h a t , i n 
r e a l i t y , land i s more s c a r c e i n r e g i o n I but i s of b e t t e r q u a l i t y 
and g i v e s h i g h e r y i e l d s , which made producers s p e c i a l i z e i n more 
p r o f i t a b l e c r o p s . 
In a d d i t i o n , we can s e e from t h e s o l u t i o n t h a t t h e dry land 
c o n s t r a i n t in r e g i o n I i s b i n d i n g . In r e g i o n I I , even though t h e r e 
i s a p o s i t i v e s l a c k for t h e land e q u a t i o n , the water c o n s t r a i n t f o r 
the summer season i s b i n d i n g , which l i m i t s p r o d u c t i o n . 
Using t h e shadow p r i c e s a s s o c i a t e d w i t h the b i n d i n g c o n s t r a i n t s , 
we can conc lude t h a t i t i s f a r more important t o r e l a x the water 
c o n s t r a i n t in r e g i o n I I than t o r e l a x t h e dry land c o n s t r a i n t in r e g i o n 
I and t h a t conforms wi th the r e a l f a c t s . I t i m p l i e s t h a t i r r i g a t i o n 
i n v e s t m e n t s in r e g i o n I I might be c o n s i d e r e d in p r o d u c t i o n i s to 
i n c r e a s e . 
From t h e goa l ach ievements t a b l e we can n o t e t h a t wheat and 
p o t a t o e s are t h e crops t h a t s u f f e r an a b s o l u t e d e f i c i t . This conforms 
w i t h the a c t u a l s i t u a t i o n i n A l g e r i a . Wheat has a lways been on t h e top 
of the l i s t of A l g e r i a n i m p o r t a t i o n s and t h e p r i c e of p o t a t o e s has 
r i s e n from . 5 d inar per ki logram to 3 . 0 d i n a r s per k i logram i n t h e 
pas t f i v e y e a r s w i t h v e r y f requent s h o r t a g e s on the market . 
The employment achievement i s t o be c o n s i d e r e d a v e r y good one 
s i n c e no more than 10% of unemployment i s i n d i c a t e d by t h e s o l u t i o n , 
compared to the r e a l f i g u r e s , which are about 25% in r e g i o n I and 30% 
in r e g i o n I I . 
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The "not s a t i s f a c t o r y " ach ievements of meat demand and f o r e i g n 
exchange seem t o be the p r i c e of reduc ing unemployment d r a s t i c a l l y . 
We g i v e in Table 4 .17 t h e range over which the c o s t s a s s o c i a t e d w i t h 
the b a s i c d e v i a t i o n v a r i a b l e s are a l lowed to change b e f o r e changing 
the opt imal b a s i s . 
Table 4.17 can g i v e u s e f u l i n f o r m a t i o n in t r y i n g to e s t i m a t e 
t h e s e n s i t i v i t y of the program to changes i n the w e i g h t i n g f a c t o r s 
e x p r e s s e d as c o n t r i b u t i o n s to the o v e r a l l underachievement c o s t . For 
i n s t a n c e , t h e p o t a t o e s demand w i l l s t l l be u n s a t i s f a c t o r y even i f each 
u n i t of underachivement c o n t r i b u t e s to reduc ing t h e o v e r a l l c o s t by 
up to $5 or i n c r e a s i n g i t by up to $17; o u t s i d e t h i s r a n g e , changes 
i n t h e a l l o c a t i o n program and the demand achievement may o c c u r . The 
same remarks are v a l i d f o r melon and p r o c e s s i n g t o m a t o e s . 
We t r i e d t o e v a l u a t e the s e n s i t i v i t y of t h e s o l u t i o n by changing 
t h e we ight of hard currency overachievement from 1 t o 0 . 5 . The r e s u l t s 
are g i v e n in Tables 4 . 1 8 , 1 9 , 2 0 , w i t h a = 0 . 5 . The r e s u l t s are q u i t e 
s t a g g e r i n g . No more a b s o l u t e s p e c i a l i z a t i o n i s i n d i c a t e d between 
s e c t o r s . Region I I p i c k s up i t s s p e c i a l i z a t i o n of wheat p r o d u c t i o n by 
the p r i v a t e s e c t o r and wheat demands are completed s a t i s f i e d through 
the t r a n s p o r t a t i o n mechanism. A s l i g h t d e c r e a s e of unemployment and a 
sharp d e c r e a s e in the underachievement of meat demand a l s o r e s u l t e d . 
The new p l a n , however, i s a c h i e v e d a t the expense of spending n i n e t imes 
the maximum of f o r e i g n exchange a l l o w e d . 
Even though the second s o l u t i o n i n d i c a t e s more i n t e r n a l p r o d u c t i o n 
by the r e g i o n s , wiht more s e l f - s u f f i c i e n c y f o r c e r t a i n c r o p s , the f o r e i g n 
exchange expenses are h i g h e r than i n t h e f i r s t s o l u t i o n . This i s due 
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Table 4 . 1 7 Range of V a r i a t i o n of Weight ing F a c t o r s 
D e v i a t i o n s Weight Range 
Underachievement of wheat demand 12 9 . 8 to 14 
Underachievement of p o t a t o demand 14 - 5 to 17 
Underachievement of melon demand 20 - 1 0 . 6 t o 22 
Underachievement of p r o c e s s e d 
tomatoes demand 10 - 2 . 8 to 13 
Overachievement of tomato demand 0 - 3 . 4 to 0 
Underachievement of employment 
g o a l i n r e g i o n I 5 0 to 4 6 . 4 
Underachievement of employment 
goa l i n r e g i o n I I 5 0 tp 4 1 . 6 
Underachievement of meat g o a l 3000 2641 t o 9490 
Underachievement of milk g o a l 0 . 2 0 . 1 to 2 . 0 
Overachievement of f o r e i g n 
exchange goa l 1 0 .7 to 1 . 1 
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Table 4 . 1 8 S o l u t i o n R e s u l t s w i t h Weight of Overachievement 
of Hard Currency Expendi tures Equal t o 0 . 5 (a = 0 . 5 ) 
A c t i v i t i e s 
Wheat (ha) 
Oats (ha) 
P a s t u r e (ha) 
Tomatoes (ha) 
P o t a t o e s (ha) 
Melons (ha) 
Beans (ha) 
P r o c e s s e d 
Tomatoes (ha) 
Oranges (ha) 
Dairy ( u n i t ) 
Beef ( u n i t ) 
Region I 
S e c t o r I S e c t o r I I 
Machinery ( u n i t ) 
F e r t i l i z e r s ( u n i t ) 
- N i t r o g e n 
- P o s p h a t e 
- P o t a s s i u m 
1 












4 , 9 5 0 
8 , 0 0 0 
5 ,440 
Region I I 








1 3 9 , 5 2 8 
1 ,724 
1 ,787 
2 , 5 3 2 
-915 









P r o p o r t i o n s 
Region I Region I I 
Wheat - -
Tomatoes +47% -
P o t a t o e s +6.5% -92% 





Employment -8% -9% 
Milk -10% 
Meat -37% 
f o r e i g n 
exchange +900% 
_ . . 
107 
t o the f a c t t h a t the most c o s t l y i tems i n the hard currency e q u a t i o n 
are equipment and c h e m i c a l s . The i m p l i c a t i o n i s t h a t l e s s deve loped 
r e g i o n s can u s e t h e i r r e s o u r c e s more e f f i c i e n t l y by a d j u s t i n g t h e i r 
crop d i s t r i b u t i o n among r e g i o n s , but i f they seek more economica l 
independence , they have t o produce t h e i r own equipment f o r a g r i c u l t u r a l 
u s e . 
b) Choosing from a Set of Programs 
We have concluded above that the s o l u t i o n r e s u l t s are v e r y 
s e n s i t i v e to the changes in the w e i g h t i n g f a c t o r s . Thus, a procedure 
u s i n g on ly one s e t of w e i g h t s may l ead t o a good s o l u t i o n but may be 
r e s t r i c t i v e e s p e c i a l l y when some of t h e g o a l s are c o n f l i c t i n g . I t 
presupposes an i m p l i c i t ranking of t h e g o a l s which may not conform 
t o the r e a l importance a t t r i b u t e d to the d i f f e r e n t g o a l s . 
I f we c o n s i d e r t h e wheat demand and the f o r e i g n exchange g o a l s , 
we n o t e t h a t they are c o n f l i c t i n g , s i n c e we would s eek more demand 
s a t i s f a c t i o n and l e s s f o r e i g n exchange e x p e n d i t u r e ; i n o t h e r words , 
we want to minimize the underachievement of the wheat demand g o a l , 
and a t the same t ime , maximize the underachivement of the f o r e i g n 
exchange g o a l . We s t a r t by s e t t i n g the w e i g h t i n g f a c t o r , c a l l e d a , 
a s s o c i a t e d w i t h the overachivement v a r i a b l e for f o r e i g n exchange t o 
z e r o . The r e s u l t i n g program, P I , i s summarized i n Table 4 . 2 1 . Using 
range a n a l y s i s from a s implex r o u t i n e , we i n c r e a s e a g r a d u a l l y t o 
g e n e r a t e programs P2 , P3 , and P4 , a l s o summarized i n Table 4 . 2 1 . In 
t h i s form, the r e s u l t s can be used to make compromises between d i f f e r e n t 
l e v e l s of g o a l t a r g e t s . For example , i f i t i s found more important 
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to c o m p l e t e l y s a t i s f y the wheat demand, then a h igher amount f o r 
f o r e i g n exchange w i l l be needed , and i f i t i s v i t a l t o l i m i t t h e 
e x p e n d i t u r e s t o a c e r t a i n l e v e l , then the d e c i s i o n maker w i l l have 
t o a c c e p t having some u n s a t i s f i e d demand. 
Note t h a t s i m i l a r r e s u l t s can be d e r i v e d by v a r y i n g o ther 
w e i g h t i n g f a c t o r s f o r c o n f l i c t i n g g o a l s . 
c) Comparison wi th Linear Programming^ S o l u t i o n s 
A minimum c o s t l i n e a r program w i t h p e n a l t y c o s t s a s s o c i a t e d 
w i t h t h e d e v i a t i o n s from g o a l t a r g e t s was formulated based on average 
c o s t s per h e c t a r of cropping a c t i v i t y and average t r a n s p o r t a t i o n 
c o s t s between the two s e c t o r s . The r e s u l t s are summarized i n 
Table 4.20-






Wheat (M-T): 146 ,966 
Tomatoes (M-T): 2 1 , 1 9 2 
P o t a t o e s (M-T): 206 ,268 
Melons (M-T): 119 ,150 
Beans (M-T): 6 ,163 
P r o c e s s e d 
Tomatoes (M-T): 5 ,789 














V a r i a t i o n 
' 1 
Wheat Demand (M-T) Employment (Man-Day) Global Goals ment of f o r e i g n e x ­
of a L • T 
Region I 
i 




Region I I 
Meat 
( M e t r i c - t o n ' 
Milk 
( L i t r e s ) 
change g o a l 
( M i l l i o n $) 
PI 0 . 0 0 - 0 . 6 7 4 0 
t 
i 
i 0 5 , 3 7 4 , 0 0 0 0 6 ,690 9 , 8 0 0 , 0 0 0 540 
P2 1 .0 0 . 6 9 - 1 . 1 809 ,390 o 5 , 3 3 0 , 0 0 0 0 14 ,850 9 , 8 0 0 , 0 0 0 370 
P3 1 .5 1 . 3 - 4 . 7 1 , 0 8 1 , 7 8 4 
i 
j 0 5 , 8 1 5 , 0 0 0 0 16 ,000 9 , 8 0 0 , 0 0 0 190 





Table 4 .22 Minimum Cost LP S o l u t i o n 
A c t i v i t y 
( h e c t a r s ) 
Tomatoes 
P o t a t o e s 
Melons 
Beans 











t i o n 
A c t i v i t i e s 
(m-tons) 






Region I I 





2 , 8 0 0 
Figure 4 . 2 3 Maximum Return LP So lu t ion 
A c t i v i t i e s .... 
( h e c t a r s ) 
Tomatoes 









L i v e s t o c k 
Region I 
S e c t o r I S e c t o r I I 
Transpor ta ­
t i o n i . 
A c t i v i t i e s j 
(m-tons) i 
Region I I 
S e c t o r I 
308 





2 , 8 0 0 
698 
175 
I l l 
We n o t i c e t h a t t h i s s o l u t i o n c a l l s f o r an i m p o r t a t i o n of a l l 
the wheat , mi lk , and meat t o meet t h e demands. Even though i t i n d i c a t e s 
a f o r e i g n exchange amount no t l a r g e r than the one o b t a i n e d from t h e 
goa l program s o l u t i o n , i t has s e v e r a l consequences on economic 
independence and employment t a r g e t s . 
The same problem s o l v e d as a minimum c o s t program w i t h no 
p e n a l t i e s i n d i c a t e d an i n f e a s i b l e s o l u t i o n . Here a l l t h e demand 
e q u a t i o n s were v i o l a t e d . That a l s o shows the l i m i t a t i o n s of a pure 
l i n e a r programming f o r m u l a t i o n in s o l v i n g r e a l problems which cannot 
be met o p t i m a l l y . 
A maximum average re turn o b j e c t i v e f u n c t i o n was a l s o s o l v e d 
and the i m p l i c a t i o n s are the same as for the minimum c o s t c a s e . Even 
though some p r o p o r t i o n s are changed, t h e s t r u c t u r e of t h e s o l u t i o n 
i s i d e n t i c a l w i th a minor e x c e p t i o n ; a smal l acreage of wheat e n t e r s 
t h e s o l u t i o n , the r e s t be ing imported. The r e s u l t s are summarized in 
Table 4.23 . 
4.4 Conc lus ion 
In s p i t e of some obv ious i n s u f f i c i e n c i e s in the d a t a , t h e 
s o l u t i o n o b t a i n e d seems to be a good one . A f l e x i b i l i t y i s o f f e r e d 
by t h e g o a l programming f o r m u l a t i o n to take i n t o account a number 
of o b j e c t i v e s not n e c e s s a r i l y c o m p a t i b l e . However, the approach 
r e q u i r e s a c a r e f u l c h o i c e of t h e w e i g h t i n g f a c t o r s in t h e achievement 
of t h e o v e r a l l o b j e c t i v e f u n c t i o n . 
When changes in t h e goa l w e i g h t s were performed t o produce a 
s e t of programs, t h e r e s u l t s were very c l o s e i n g o a l a c h i e v e m e n t s , 
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even though the a c t i v i t y l e v e l s i n the d i f f e r e n t programs were 
s i g n i f i c a n t l y d i f f e r e n t . 
I t i s a l s o t o be noted t h a t the l i n e a r programming f o r m u l a t i o n s 
i n d i c a t e d g l o b a l unemployment l e v e l s of about twenty f i v e p e r c e n t . 
Compared t o t h e r e s u l t s of the g o a l programming f o r m u l a t i o n , l e s s than 
t e n p e r c e n t , i t i s concluded t h a t a goa l f o r m u l a t i o n seems more 
a p p r o p r i a t e in handl ing t h e s p e c i a l c o n d i t i o n s of d e v e l o p i n g economies 
among which the employment i s s u e i s c e n t r a l . 
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CHAPTER V 
A NINE-REGION EGYPTIAN MODEL 
With a p o p u l a t i o n of 37 m i l l i o n r a p i d l y expanding a t a r a t e of 
2.5% per y e a r , Egypt has an economy that i s b a s i c a l l y a g r i c u l t r u a l . But 
the country i s a r i d ; the maximum r a i n f a l l around Alexandr ia i s about 
e i g h t i n c h e s per year and 90% of the land i s e s s e n t i a l l y d e s e r t w i t h 
temperatures i n the summer r e a c h i n g A3 0 c e l c i u s or more. 
With the supply of a r a b l e land l i m i t e d , about s i x m i l l i o n f eddans" , 
and the s c a r c i t y of r a i n f a l l , t h e a p p l i c a t i o n of o t h e r i n p u t s i s very im­
por tant i n meet ing h igh crop y i e l d s . The permanency of i r r i g a t i o n has 
made p o s s i b l e growing about t h r e e crops a year i n s t e a d of one or two i n 
the p a s t , and gave p r i o r i t y t o c o t t o n and maize p r o d u c t i o n s i n p l a c e of 
b a r l e y and wheat . Thus, m u l t i p l e cropping and r o t a t i o n a l r e q u i r e m e n t s , 
e s s e n t i a l t o take care of the d e t r i m e n t a l e f f e c t t h a t c o t t o n p r o d u c t i o n 
has on s o i l f e r t i l i t y , are two very important a s p e c t s of the Egypt ian 
a g r i c u l t u r e . 
In 1975 , f i f t y percent of the c o u n t r y ' s work f o r c e was employed 
in a g r i c u l t u r e , but r u r a l unemployment remains a problem. In the p a s t 
s e v e r a l y e a r s , under the p r e s s u r e of p o p u l a t i o n i n c r e a s e , Egypt has had 
to import an i n c r e a s i n g p r o p o r t i o n of key f o o d s t u f f s , e s p e c i a l l y wheat , 
b e e f , and feed g r a i n s f o r domest i c l i v e s t o c k . But the sharp i n c r e a s e 
of i n t e r n a t i o n a l p r i c e s i n 1973-1975 p l a c e d an a d d i t i o n a l we ight on 
f o r e i g n exchange requ irements , i n 197A-1975, a g r i c u l t u r a l imports 
One feddan = l . A a c r e s . 
1 
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r e p r e s e n t e d w e l l over h a l f of the t o t a l i m p o r t s , t h u s a s e r i o u s e f f o r t i s 
needed to reduce e x p e n d i t u r e s of imported f o o d , e s p e c i a l l y s i n c e Egypt 
has a s i g n i f i c a n t d e f i c i t in i t s b a l a n c e of payments: about $3 b i l l i o n 
i n 1976 . 
Under t h e s e c o n d i t i o n s , as noted i n a r e p o r t by t h e U. S. Agency 
f o r I n t e r n a t i o n a l Development [ 1 9 7 6 ] : 
Egypt thus f a c e s a major c h a l l e n g e — how t o i n c r e a s e the r a t e of 
growth i n a g r i c u l t u r a l product ion to g e n e r a t e f o r e i g n exchange and 
a l s o meet i t s f u t u r e food r e q u i r e m e n t s . Given a n e a r l y f i x e d land 
area , t h i s can be accompl ished on ly by s i g n i f i c a n t i n c r e a s e s i n 
y i e l d s and changes i n cropping p a t t e r n s t o a c h i e v e more i n t e n s i v e 
use of land and l a b o r . I f t h e s e s t e p s are f e a s i b l e , then more em­
p h a s i s can be g i v e n t o producing t h o s e crops f o r which the country 
has a comparat ive advantage . 
In adapt ing the model deve loped in chapter I I I t o the Egypt ian 
a g r i c u l t u r e , we w i l l e v a l u a t e the changes i n r e g i o n a l cropping p a t t e r n s 
that would h e l p the country meet i t s g o a l s and determine the d i r e c t i o n s 
of change t o be adapted by the s e c t o r as a w h o l e . 
Another model for the Egyptian a g r i c u l t u r e which appeared i n the 
l i t e r a t u r e by Sherbiny and Zaki [1974] i s worth ment ion ing a t t h i s p o i n t 
because i t t a k e s the same p e r s p e c t i v e of emphasiz ing g l o b a l development 
ra ther than p r o f i t maximizat ion f o r i n d i v i d u a l farmers . The model i s a 
maximum n e t revenue l i n e a r program wi th a s e t of land c o n s t r a i n t s and 
bounds o n l y . The authors c la im t h a t a 22% i n c r e a s e i n n e t revenue would 
r e s u l t from r e - a l l o c a t i o n of crops among r e g i o n s . There a r e , however , 
some i n s u f f i c i e n c i e s r e l a t e d t o the model: 
-The model i s based on a d m i n i s t r a t i v e p r o v i n c e s w i thout r e g i o n a l homo­
g e n e i t y c o n s i d e r a t i o n s . 
-The s e a s o n a l a s p e c t of Egypt ian a g r i c u l t u r e i s i d e n t i f i e d by 
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c o n s t r a i n i n g the cropped a r e a s during the w i n t e r and summer s e a s o n s . 
But no land r e l a t i o n s h i p s are s p e c i f i e d t o account f o r the importance 
of m u l t i p l e cropping and r o t a t i o n requirements as w i l l be s e e n i n 
s e c t i o n 1 .1 
-The importance of bersem c l o v e r e f f e c t on the f e r t i l i t y b a l a n c e of 
the s o i l , c l o s e l y t i e d t o c o t t o n , i s r e c o g n i z e d , but i t i s not i n ­
corporated i n t o the model . 
-Comparative advantage i s r e s t r i c t e d to r e g i o n s on ly but not among c r o p s , 
thus r e s t r i c t i n g the g l o b a l cropping p a t t e r n s t o be mainta ined as they 
were . 
- F i n a l l y , r e g i o n s a r e r e s t r i c t e d to have a minimum r e v e n u e , but no em­
ployment g o a l s and consumption g o a l s are c o n s i d e r e d . 
The f o l l o w i n g s e c t i o n s w i l l d i s c u s s the data base for the model , t h e 
r e s u l t s , and t h e i r f i n d i n g s . 
4 . 1 The Data Base for the Model 
Our main source of data on the Egypt ian a g r i c u l t u r e i s a s tudy 
by the U. S. Department of A g r i c u l t u r e and the Egypt ian M i n i s t r y of Ag­
r i c u l t u r e , t o g e t h e r w i t h a s e r i e s of t e c h n i c a l r e p o r t s by the same 
team. 
The d i s t i n c t i o n between S e c t o r I and S e c t o r I I as d e f i n e d i n the 
p r e v i o u s c h a p t e r s w i l l not be made here because d e t a i l e d data were not 
a v a i l a b l e and most i m p o r t a n t l y , b e c a u s e the s u b s i s t e n c e s e c t o r has v i r ­
t u a l l y d i sappeared from the Egyptian a g r i c u l t u r e , which makes i t very 
hard to v a l i d a t e d i f f e r e n c e s i n product ion f u n c t i o n s between the p r i v a t e 
and the c o o p e r a t i v e p a r t s of the a g r i c u l t u r a l s e c t o r . 
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a) The Cropping P a t t e r n s 
To understand the Egypt ian a g r i c u l t u r e , knowledge of the b a s i c 
crop r o t a t i o n i s e s s e n t i a l . An i l l u s t r a t i o n of the system i s g i v e n i n 
F igure 1 2 . F r u i t s occupy the land permanently and surgarcane i s kept 
for t h r e e to f i v e y e a r s . Cot ton , preceded by a ca tch crop of bersem 
c l o v e r or by w in tar v e g e t a b l e s u s e s the land for about the whole y e a r . 
Winter f i e l d crops f r e q u e n t l y occupy a l a r g e r p e r c e n t a g e of the land 
than do summer f i e l d c r o p s , but each crop r e q u i r e s four t o s i x months 
of land u s e . N i l i , or f a l l , f i e l d crops are nomally h a r v e s t e d a few 
months a f t e r p l a n t i n g . Summer v e g e t a b l e s i n most r e g i o n s occupy more 
area than do e i t h e r w i n t e r or n i l i v e g e t a b l e s , but each c r o p , on the 
a v e r a g e , o c c u p i e s the land f o r t h r e e t o four months, thus a l l o w i n g 
t h r e e or more v e g e t a b l e crops per y e a r . 
From Figure 12 we can a l s o s e e tha t i f the c o t t o n area expands , 
more c a t c h - c r o p bersem c l o v e r i s produced, but both w i n t e r and summer 
crops are reduced . Note t h a t bersem c l o v e r precedes c o t t o n and p r o v i d e s 
one or two c u t t i n g s , hence the area devoted to c l o v e r and c o t t o n are 
about the same. I f f u l l - t e r m c l o v e r , c a l l e d permanent b e r s e m , i s e x ­
panded, adjus tments may take p l a c e only i n c o t t o n and o t h e r w i n t e r f i e l d 
c r o p s . As an a l t e r n a t i v e , t o t a l land i n both w i n t e r and summer crops 
may be expanded wi th a corresponding cut mainly i n land used f o r c o t t o n . 
The r o t a t i o n system requ ired to mainta in s o i l f e r t i l i t y i s e i t h e r t r i -
ennal w i th one c o t t o n crop each t h i r d y e a r , or b i e n n a l , w i th one c o t t o n 
crop each second y e a r . 
I t i s i n t e r e s t i n g t o n o t e t h a t the r o t a t i o n a l requirements are 
p r a c t i c a l l y the same through the whole cou n t ry , thus a l l o w i n g the formu-
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Nov. Dec. J a n . Feb. Mar . Ap r . M a y J u n e J u l y A u g . Sept . Oct. 
Chiefly horsebeans, lentils and onions 
Chiefly sesame, groundnuts 
F i g u r e 8* P r o p o r t i o n a t e A r e a D e v o t e d t o S p e c i f i e d C r o p s 
1 9 7 2 - 7 4 A v e r a g e 
S o u r c e : U . S . D e p a r t m e n t o f A g r i c u l t u r e c o o p e r a t i n g w i t h U . S . A g e n c y 
f o r I n t e r n a t i o n a l D e v e l o p m e t n a n d t h e E g y p t i a n M i n i s t r y o f 
o f A g r i c u l t u r e 
F o r e i g n A g r i c u l t u r a l E c o n o m i c R e p o r t N o . 1 2 0 
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l a t i o n of the land matr ix r e l a t i o n s h i p s t o be the same i n the d i f f e r e n t 
r e g i o n s . 
In a d d i t i o n to the major c r o p s , Egypt a l s o produces a wide 
v a r i e t y of minor c r o p s . The areas devoted to each of t h e s e crops 
are not l a r g e and no d e t a i l e d data was a v a i l a b l e on them, but c o l l e c t i v e ­
l y they occupy a s i g n i f i c a n t p r o p o r t i o n of the t o t a l cropped area and 
compete f o r o t h e r r e s o u r c e s , thus e x c l u d i n g them from the model may 
c r e a t e s e r i o u s b i a s e s . We adopt t o account for t h e i r e f f e c t by grouping 
them i n t o a s i n g l e c a t e g o r y c a l l e d "others"' . 
d ) The Regions of the Model 
The s tudy of the a g r i c u l t u r a l s e c t o r in Egypt r e f e r r e d to a b o v e \ 
d i v i d e d the country i n t o 14 agronomic zones based mainly on s o i l c h a r ­
a c t e r i s t i c s and cropping p a t t e r n s , thus a l l o w i n g f o r homogeneous r e ­
g i o n s t o be used for our p u r p o s e s . F igure 13 shows the d e t a i l s on t h e 
l o c a t i o n of each zone . In our model , we w i l l on ly i n c l u d e the f i r s t n i n e 
r e g i o n s because they i n v o l v e o ld land which produces the most important 
part of the c r o p s . The o t h e r r e g i o n s c o n s i s t of newly r e c l a i n e d lands 
and have major problems a s s o c i a t e d w i t h them such as s a l i n i t y and w a t e r ­
l o g g i n g , poor s o i l s , and r e l a t i v e l y h igh produc t ion c o s t s . Further 
s t u d i e s are expec ted to determine the p o t e n t i a l use of t h e s e lands and 
ways to improve them b e f o r e they can become f u l l y c o n t r i b u t i n g to the 
a g r i c u l t u r a l s e c t o r o u t p u t . Table 5 . 1 g i v e s a summary of the d i f f e r e n t 
r e g i o n s , l o c a t i o n s , and c h a r a c t e r i s t i c s . 
e) The A c t i v i t i e s of the Model 
Given the c h a r a c t e r i s t i c s of the Egypt ian a g r i c u l t u r e , e x c e p t 
^ "Egypt: Major C o n s t r a i n t s to I n c r e a s i n g A g r i c u l t u r a l Produc­
t i v i t y , " Fore ign A g r i c u l t u r a l Economic Report No. 120 , p g . 5 6 . 
Figure 9. Major Agronomic Zones 
Source: The Same as F igure 8 
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- F r u i t s I 
1.7 2 . 0 - The c o a s t a l p a r t : Marine S o i l s 
- The c e n t r a l p a r t : Dark brown 
s o i l w i t h 60% c l a y 
- S a l i n i t y and a l k a l i n i t y i n the 
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- V e g e t a b l e s 
1 .0 2 . 0 i - F ine t e x t u r e of c l a y w i t h 
good c o n s t r u c t i v i t y and 




F r u i t s 
0 .44 - Same as Region I I . 
- The e a s t e r n part c o n s i s t s of 
sandy s o i l s w i t h a h igh p e r ­
c e n t a g e of ca lc ium carbonate 
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0 . 3 
S o i l C h a r a c t e r i s t i c s 
Coarse Calcareous s o i l s 
w i t h very f i n e t e x t u r e 
The northwest i s c l a y 
mixed w i t h c o a r s e sands 
A 
2 . 0 
- Same as Region IV 
- In the s o u t h , s o i l s are a 
deep a l l u v i a l dark brown, 
l i g h t to heavy c l a y s 
Deep a l l u v i a l w h i t e 
c l a y s o i l s 
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Table 5 . 1 Continued 
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14 
1 .2 - Sandy Loams 
1.96 - Recent a l l u v i a l dark 
j l i g h t c l a y 
j - Highly s a l i n e i n the south 
I - High water t a b l e 
K5 
1 2 3 
for sugar cane and f r u i t s which are permanent c r o p s , a l l o t h e r crops can 
be formulated i n a l t e r n a t i v e sequences to be determined o p t i m a l l y by 
the model . The land r e l a t i o n s h i p s i n each r e g i o n w i l l i n c l u d e the 
n e c e s s a r y f e r t i l i t y requirements through r o t a t i n g c o t t o n every t h r e e 
y e a r s , on ions every four y e a r s , and a l l o ther crops every two y e a r s . 
The sequenc ing w i l l a l l o w summer crops to f o l l o w w i n t e r crops and n i l i 
crops to f o l l o w the summer o n e s . 
The f o l l o w i n g crops are c o n s i d e r e d i n each r e g i o n : 
Winter Crops Summer crops 
F u l l - t e r m c l o v e r R ice 
Catch-crop c l o v e r Maize 
Wheat Sorghum 
Horsebeans Others 
L e n t i l s Tomatoes 




Other v e g e t a b l e s 
N i l i Crops Permanent Crops 
Maize Sugar cane 
Tomatoes F r u i t s 
Other v e g e t a b l e s 
The p a s t u r e b a l a n c e s i n c l u d e c l o v e r , m a i z e , and sorghum. Two v a r i a b l e s 
in each r e g i o n r e p r e s e n t each of t h e above crops based on two d i f f e r e n t 
management cropping s y s t e m s : 
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-The f i r s t one i n c l u d e s a l l the p r e s e n t l e v e l s of u t i l i z a t i o n of 
r e s o u r c e s and corresponds to the a c t u a l y i e l d s f o r the p e r i o d 1 9 7 2 - 7 4 . 
-The second one i s an improved system based on more e f f i c i e n t a p p l i ­
c a t i o n of f e r t i l i z e r (+25%), i r r i g a t i o n e f f i c i e n c y , from 51% p r e s e n t l y 
to 70%, labor input t+17%), and machinery (+30%). 
Improved y i e l d s corresponding to t h i s second system were a v a i l a b l e from 
c o n c l u s i o n s of the s tudy on the Egypt ian a g r i c u l t u r e r e f e r r e d t o above''", 
The system c a l l s b a s i c a l l y f o r improvements in dra inage and b e t t e r water 
management, s e e d s and d i s e a s e s c o n t r o l , adequate machinery , and a more 
f a v o r a b l e p r i c i n g p o l i c y , which r e p r e s e n t important c o n s t r a i n t s i n im­
proving p r o d u c t i o n . 
The l i v e s t o c k a c t i v i t i e s c o n s i d e r d i n the model r e l a t e t o s a t i s ­
f a c t i o n of meat and milk demands, through the management of c a t t l e , b u f ­
f a l o , sheep and g o a t s . S i n c e f eed supply i s c o n s i d e r e d a major c o n s t r a i n t 
to an e f f i c i e n t l i v e s t o c k s e c t o r i n Egypt , the model w i l l make p r o v i ­
s i o n s to i n c l u d e on ly the l e v e l s of l i v e s t o c k a c t i v i t i e s f o r which an e f ­
f i c i e n t f e e d supply w i l l be made a v a i l a b l e . In a d d i t i o n , t h r e e f e r t i l ­
i z e r t y p e s are i n c l u d e d . These are n i t r o g e n , phospahte , and p o t a s s i u m . 
Machinery v a r i a b l e s are l i m i t e d t o t r a c t o r s . T r a n s p o r t a t i o n a c ­
t i v i t i e s i n c l u d e 12 commodities t h a t f low among the n i n e d i f f e r e n t r e g i o n s . 
These commodit ies are wheat , b a r l e y , h o r s e b e a n s , l e n t i l s , o n i o n s , v e g e ­
t a b l e s , r i c e , m a i z e , s u r g a r c a n e , f r u i t s , and p a s t u r e expressed" i n terms 
of s t a r c h e q u i v a l e n t . 
d) D e r i v a t i o n of C o e f f i c i e n t s o f the Model 
1 "Egypt: Major C o n s t r a i n t s to I n c r e a s i n g A g r i c u l t u r a l P r o d u c t i v i t y , " 
Fore ign A g r i c u l t u r a l Economic Report No. 120 , p . 5 3 . 
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i ) The Land M a t r i x . In each r e g i o n , a land matr ix i s s p e c i f i e d 
t o i n c l u d e the d i f f e r e n t cropping a l t e r n a t i v e s t o g e t h e r w i t h t h e i r r o ­
t a t i o n a l requirement by u s i n g p r o p o r t i o n a l bounds on each crop and c o n ­
t i n g e n c y r e l a t i o n s h i p s t o conform to the requirements shown i n Figure 1 2 . 
A bound i s a l s o s p e c i f i e d i n d e p e n d e n t l y f o r permanent c r o p s . 
On the n a t i o n a l l e v e l , an i n s t i t u t i o n a l c o n s t r a i n t on c o t t o n p r o ­
d u c t i o n s p e c i f i e s t h a t i t cannot occupy more than a t h i r d of the land 
a v a i l a b l e . Ahd f i n a l l y , an e q u a t i o n on the t o t a l land a v a i l a b l e f o r the 
Egypt ian a g r i c u l t u r e i s s p e c i f i e d l i n k i n g the n i n e r e g i o n s t o g e t h e r . 
i i ) The F e r t i l i z e r Equat ion . P resen t a l l o c a t i o n s of f e r t i l i z e r by 
crops are n e a r l y the same throughout the country . D e t a i l e d e x p e r i m e n t a ­
t i o n i s needed t o t e s t the e f f e c t of s o i l v a r i a b i l i t y b e f o r e data on t h e 
proper amount of f e r t i l i z a t i o n needed f o r d i f f e r e n t r e g i o n s could be 
made a v a i l a b l e . Thus, we w i l l assume the same r a t e s of f e r t i l i z e r through­
out the r e g i o n s . Table 5 . 2 g i v e s the average requirements for each crop 
based on average u t i l i z a t i o n f o r the 1972-74 p e r i o d . 
L i v e s t o c k w a s t e ' s c o n t r i b u t i o n t o the n i t r o g e n b a l a n c e i s based 
on the same a v e r a g e s used for the A l g e r i a n model and taken from e s t i m a ­
t i o n s by N i c o l and Heady [ 1 9 7 5 ] . The l i v e s t o c k c o n s t r i b u t i o n s are r e -
-3 -3 
s e p c t i v e l y 1 x 10 m e t r i c - t o n s f o r sheep and g o a t s , 64 x 10 m e t r i c - t o n s 
-3 
for c a t t l e , and 26 x 10 m e t r i c - t o n s f o r b u f f a l o i n terms of n i t r o g e n 
e q u i v a l e n t . 
i i i ) P a s t u r e E q u a t i o n s . The b a s i c and most important l i v e s t o c k 
feed i n the Egypt ian a g r i c u l t u r e b e i n g c l o v e r , f u l l - t e r m and c a t c h -
c r o p , m a i z e , and sorghum, an e q u a t i o n i s formulated f o r each r e g i o n t h a t 
r e l a t e s the p r o d u c t i o n l e v e l s t o t h e l i v e s t o c k r e q u i r e m e n t s . 
Table 5 .2 F e r t i l i z e r Rates for 
Cropping Management Systems ( 
E x i s t i n g ( E ) and Improved ( I ) 
- 3 
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ACTIVITIES NITROGEN PHOSPHATE POTASSIUM 





Wheat 12 15 26 32 13 16 
Horsebeans 10 12 20 25 11 13 
L e n t i l s 10 12 20 25 11 13 
Barley- 12 15 26 32 13 16 
Onions 12 15 26 32 13 16 
i V e g e t a b l e s 36 45 37 4 5 . 5 39 46 
j Rice 12 15 26 32 13 16 
Maize 12 15 26 32 13 16 
j 
j Sorghum 12 15 26 32 13 16 
Others 12 15 26 32 13 16 
Cotton 45 56 67 82 90 112 
Sugar Cane 45 56 67 82 90 112 
F r u i t s 100 125 40 50 74 92 
10 M e t r i c - t o n s / F e d d a n ) 
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an e q u a t i o n i s formulated f o r each r e g i o n t h a t r e l a t e s t h e produc i ton 
l e v e l s t o the l i v e s t o c k r e q u i r e m e n t s . 
The j^ields can be found i n Table 5 .7 which g i v e s the r e g i o n a l 
y i e l d for a l l crops t o g e t h e r . 
There are on ly s l i g h t d i f f e r e n c e s in r e g i o n a l f eed r e q u i r e m e n t s : 
the d e t a i l s are shown in Table 5 . 3 , where c o n v e r s i o n has been made on the 
b a s i s of animal u n i t s w i t h : 
one c a t t l e = 0 . 8 animal u n i t 
one b u f f a l o = 1 animal u n i t 
one sheep = 0 . 1 animal u n i t 
one goat = 0 . 1 animal u n i t 
i v ) Water Requirement. In thfe Egypt ian a g r i c u l t u r e , the problem 
of water i s important because v i r t u a l l y no dry land crops are grown. The 
l i m i t i n g f a c t o r i s not water u n a v a i l a b i l i t y , but r a t h e r the l ack of proper 
management and e f f i c i e n t i r r i g a t i o n s y s t e m s . Table 5 . 4 g i v e s the water 
requirements f o r w i n t e r crops and summer c r o p s , and i t i s assumed t h a t a l l 
crops i n the same group consume the same amounts,which o b v i o u s l y i n t r o d u c e s 
b i a s e s . We w i l l a s l o assume t h a t permanent crops are i r r i g a t e d i n the same 
manner r e c e i v i n g the w i n t e r amount w i th the w i n t e r crops and the summer 
amount w i t h the summer c r o p s . The two s e a s o n s extend from November t o A p r i l 
and from May to December r e s p e c t i v e l y . 
The f i g u r e s are computed for each r e g i o n as the r a t i o s of s e a s o n 
land a v a i l a b l e and t o t a l water consumption. Improvement i n i r r i g a t i o n 
e f f i c i e n c y i s shown under the heading I i n Table 5 .4 r e l a t i v e to the 
p r e s e n t sy s t em, E. 
Table 5 . 3 L i v e s t o c k Feed Requirements in Tons/Animal Uni t /Year 
(With £ Referr ing to Clover and MS Referr ing to Maize and Sorghum) 
V 
\ Region I I I I I IV V VI VII VIII IX 
T y p e \ 
of \ c MS C MS C MS C MS c MS c MS C MS c MS C MS 
Livestock, 
C a t t l e 1 3 . 6 8 1 4 . 4 8 1 2 . 8 8 1 4 . 4 8 1 1 . 2 8 1 3 . 6 8 1 4 . 4 8 1 1 . 2 8 1 4 . 4 8 
B u f f a l o 17 10 18 10 16 10 18 10 14 10 17 10 18 10 14 10 18 10 
Sheep 1.7 1 1 .8 1 1 .6 1 1 .8 1 1 .4 1 1.7 1 1 .8 1 1 .4 1 1 .8 1 
Goats 1.7 1 1 .8 1 1 .6 1 1 .8 
I 
1 1 .4 1 1.7 1 1 .8 1 1 .4 1 1 .8 1 
Table 5 . 4 Regional Water Requirements ( i n Cubic Meters/Feddan) 
Where E_ and I Stanf f o r E x i s t i n g and Improved 






N i l i 
E ! I 
2 . 0 1 
6 . 0 3 
2 . 6 1 
7 . 8 3 
I I 
2 . 0 2 2 .68 ! 2 .38 
4 . 3 6 5 . 8 4 .17 
VIII 
2 .23 ! 2 .97 ! 3 . 1 1 
5 . 1 3 6 . 1 
4 . 0 4 
7 . 8 
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The l i v e s t o c k water requirements are based on e m p i r i c a l e v i d e n c e 
showing t h a t l i v e s t o c k compete wi th land i n the f o l l o w i n g way: 
one c a t t l e f o r one feddan 
one b u f f a l o for 0 . 2 5 feddan 
one sheep or goat for 0 . 1 feddan 
The summer r a t e s are h i g h e r because of the important e f f e c t of p a r t i c ­
u l a r l y h igh t e m p e r a t u r e s . 
v) Labor Requirement. Egypt i s one of the few d e v e l o p i n g c o u n t r i e s 
w i t h a s u r p l u s of s k i l l e d l a b o r , but the problem of e f f i c i e n t u t i l i z a t i o n 
of t h i s labor f o r c e s t i l l remians . I t i s concluded i n the r e p o r t men­
t i o n e d e a r l i e r i n t h i s chapter t h a t s k i l l e d l abor i s not a l i m i t i n g f a c t o r , 
thus we w i l l i n c l u d e i t i n the f o r m u l a t i o n a t about 20% of the ord inary 
l abor f o r purposes of e v a l u a t i o n of t h a t c o n c l u s i o n . 
Ordinary labor i s a major burden over the Egypt ian a g r i c u l t u r a l 
s e c t o r and i t s f u l l employment i s c r u c i a l t o the whole economy. Labor 
requirements are g i v e n in Table 5 . 5 . They have been computed as 
r a t i o s between r e g i o n a l averages of man-days used and a c r e a g e s of c r o p s . 
The t a b l e shows the f i g u r e s f o r the e x i s t i n g system only. The improved 
system f i g u r e s are d e r i v e d by an i n c r e a s e of about 17% over the f i r s t 
l e v e l . 
v i ) Machinery Requirements . This i s t h e p a r t for which a b s o l u t e l y 
no data was a v a i l a b l e w i th the e x c e p t i o n of n a t i o n a l c o s t s a v e r a g e s of 
machinery per feddan f o r s e l e c t e d c r o p s . S in ce we c l a s s i f i e d the machin­
ery r e s o u r c e s as f l e x i b l e i n the model a l l o w i n g f o r t h e i r l e v e l s t o be 
dependent on the cropping a c t i v i t y l e v e l s , the use of d a t a from o t h e r 
Table 5 .5 Regional Labor Requirements ( i n Man-days/Feddan) 






F i e l d 
Crops 
Vege­
t a b l e s 
F i e l d 
Crops 
Vege­
t a b l e s 
Cotton 
1 - i 
F i e l d 
Crops 
Vege­
t a b l e s 
Sugar 
Cane 
F r u i t s 
I 17 2 6 . 7 60 4 8 . 7 6 5 . 9 8 4 . 8 30 6 3 . 5 120 147 
I I 15 .7 2 6 . 9 6 6 . 7 4 0 . 9 3 6 1 . 4 2 9 2 . 3 5 2 9 . 1 6 75 100 134 .6 
I I I 1 7 . 5 4 26 .47 6 3 . 0 4 3 7 . 0 4 6 3 . 3 3 8 5 . 5 0 3 1 . 2 5 59 .52 100 142 .6 
IV 1 6 . 9 2 2 . 2 4 2 . 9 4 0 . 9 1 7 7 . 5 8 4 . 6 2 9 . 4 5 7 . 1 4 - 166 .6 
V 1 6 . 8 5 2 3 . 3 70 48 .27 70 8 4 . 8 4 3 3 . 3 80 - 1 6 4 . 3 
VI 1 6 . 5 2 2 . 3 64 50 6 7 . 2 4 8 4 . 8 3 3 0 . 6 3 5 7 . 6 111 .54 166 .7 
VII 1 6 . 1 1 2 4 . 1 70 6 3 . 8 8 7 2 . 7 8 5 . 1 3 3 1 . 7 8 6 2 . 5 1 1 0 . 2 4 180 
VIII 1 4 . 9 3 26 .58 5 8 . 3 6 3 . 1 4 6 8 . 7 5 8 4 . 8 2 2 8 . 5 8 7 1 . 4 3 - 170 
IX 1 7 . 8 23 6 2 . 5 4 6 . 1 5 9 1 . 6 8 2 . 6 28 .57 4 2 . 8 6 203 150 
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d e v e l o p i n g c o u n t r i e s would only permit to t e s t a g i v e n l e v e l of t e c h n o l ­
ogy a p p l i e d to the Egypt ian c a s e . In o t h e r words , i t w i l l not a f f e c t the 
b a s i c s of the a l l o c a t i o n problem. We adopted the use of a v e r a g e s of 
machinery requirements form the A l g e r i a n model i n chapter IV and a Mexican 
model from Manne and Goreux [1973] d e s p i t e obv ious d i f f e r e n c e s . The 
f i g u r e s are summarized i n Table 5.6. 
Table 5.6 E s t i m a t e s of Machinery Requirements 
( i n days per u n i t per y e a r ) 
ACTIVITIES EXISTING 
SYSTEM IMPROVED 
Clover 1.5 2 
Wheat 2.8 3.3 
Horsebeans 2 2.5 
Barley 1.5 2 
L e n t i l s 1.5 CM 
Onions 1.6 2.1 
V e g e t a b l e s 1.5 2 
Rice 3.0 3.6 
Maize 1.8 2.3 
Sorghum 2.2 1.7 
Cotton 2.4 2.9 
Sugar Cane 2.6 3.1 
F r u i t s 1.5 2.0 
Table 5.7 Regional Crop Yields (Metrlc-tons/Feddan) 




E I E I 
Winter i 
Clover 24 30 2A 30 24 30 24 30 
Wheat ; 1.3 1.63 1.6 1 1.63 1.6 1.63 1.0 1.25 
Horsebeans .98 1.98 .98 : i.i8 .98 1.18 .7 .84 
Lentils - - - i ~ _ - ~ 
Barley - - - ! - 1.0 1.2 
Onions - - t - - - -
Others 2.3 2.76 3.0 '3.6 3.9 4.68 3.0 3.6 
Tomatoes A.5 6.75 A.7 1 7.05 3.9 5.85 3.8 5.7 
Other Veg. 6.8 10.2 7.6 : 11.4 6.8 10.2 1.5 2.25 
Summer j 
Rice 2.2 2.6A 2.2 2.64 2.1 2.52 2.2 2.64 
Maize 1.6 2.13 1.8 2.A 1.65 2.2 1.6 2.13 
Sorghum - - - - - - -
Other 1.9 2.28 A.8 i 5.76 2.4 2.88 3.9 4.68 
Tomatoes 6.8 10.2 6.6 ! 9.9 7.0 10.5 
Other Veg. 9.6 1A.A 8.0 i 12 j 9.3 13.95 8.0 12 
Nili 
Maize 1.2 1.6 1.3 
I 
; 1.73 1.3 1.73 0.8 1.06 
Tomatoes 7.A 11.1 7.6 j 11.4 7.1 [L0.65 9.0 13.5 
Other Veg. 6.77 10.06 6.2 9.1 7.0 10.5 3.1 4.65 
1 _ 
i 
_ 1 i 
J 
V VI VII VIII IX 
E 
i 
I E 1 E I : e 
- f 
1 1 i 
| j 
E I 




! ! - A 1.75 1.5 1.88 1 .2 1.5 1.2 1.5 1.0 1.25 i 
1 * 9 
1.08 1.1 1.3 .9 1.08 1.0 
i 
1.2 .8 .96 
- .8 .96 - .8 .96 | - -
1.2 1.44 _ - _ ; - ' _ 1 .9 1.08 
- 5.9 7.08 - 10.8 12.5 i 
j 
- -
jl.2 1.44 5.6 6.7 2 .2 2.64 , 1.3 1.56 | 1.9 2.28 
3.8 5.7 4.5 6.75 6 .0 9 ! 5.6 8.4 3.8 5.7 
i 6.8 
1 





~ | 1 .7 2.04 _ 
i 
_ j 1.8 2.16 
1.7 2.26 1.6 2.13 ! 1 .4 1.86 ; 1.5 2.0 | 1.4 1.86 
j " - 2.0 2.4 1 .5 1.8 ! 1.7 2.04 - _ 
1.0 1.2 1.2 1.44 5 .5 6.6 i 0.8 0.96 | 1.0 1.2 








1.46 1.2 2.73 0 .9 1.2 ; 1.2 
i 
1.46! 0.8 1.06 
|6.8 10.2 6.7 10.05 7 .7 11.55 

















T a b l e 5 . 7 C o n t i n u e d 
F r u i t 5 . 2 7 . 2 8 6 . 1 
1 
8 . 5 4 6 . 2 8 . 6 8 6 . 0 8 . 5 6 5 . 1 7 . 1 4 5 . 1 7 . 1 4 4 . 0 5 . 6 5 . 0 7 4 . 2 5 . 8 8 
S u g a r 
C a n e 2 7 3 3 . 7 5 2 9 3 6 . 2 5 3 3 4 1 . 2 5 - - - - 3 7 4 6 . 2 5 - - 3 7 4 6 . 2 5 - -
C o t t o n . 2 7 . 3 2 . 3 0 . 3 6 . 6 3 . 7 6 . 2 3 . 2 9 . 3 1 . 3 7 . 3 2 . 3 8 . 2 3 . 7 6 . 3 6 . 4 3 . 4 2 . 5 
C a t c h C r o p 
C l o v e r 1 2 1 5 1 2 1 5 1 2 1 5 1 2 1 5 1 2 1 5 1 2 1 5 1 2 1 5 1 2 1 5 
1 2 1 5 
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v i i ) The Demand Matr ix . The demand matr ix i n c o r p o r a t e s the r e l a t i o n ­
s h i p s between p r o d u c t i o n l e v e l s and f i x e d demands. I t a l s o i n c l u d e s a 
t r a n s p o r t a t i o n model t o determine the requ ired commodity f lows between 
r e g i o n s , and d e v i a t i o n v a r i a b e l s to e v a l u a t e the p o s s i b l i t i e s of a t t a i n ­
ing the r e g i o n a l demand g o a l s . The d i a g o n a l part of the matr ix i s formu­
l a t e d u s i n g the y i e l d f i g u r e s from Table 5 .7 where d i s t r i b u t i o n i s made 
between the p r e s e n t system of crop management and the p r o j e c t e d one w i t h 
improved y i e l d s . The i n c r e a s e s range from 20% f o r a lmost a l l f i e d l s 
crops t o 50% f o r v e g e t a b l e s . 
Inc luded i n the demand matr ix i s a s t a r c h e q u i v a l e n t e q u a t i o n 
which r e l a t e s the p r o d u c t i o n of c l o v e r i n terms of n u t r i t i o n e q u i v a l e n t t o 
the l i v e s t o c k s e c t o r . 
The data on l i v e s t o c k requirements i s ' based on Table 5 . 3 where one 
ton of roughage i s e q u i v a l e n t t o 0 . 1 tons o f s t a r c h . 
v i i i ) C o n s t r a i n t s a t the N a t i o n a l L e v e l . Bounds on a minimum land u s e 
per s e a s o n are s p e c i f i e d to make sure t h a t no r e g i o n ends w i t h o n l y a 
program f o r the w i n t e r c r o p s . A l s o , a g l o b a l c o n s t r a i n t on the t o t a l 
land a v a i l a b l e i s i n c l u d e d to i n s u r e t h a t t h e maximum t o t a l acreage a v a i l ­
a b l e i s not v i o l a t e d . 
As i n the case of t h e A l g e r i a n model , no data was a v a i l a b l e t o 
formulate the s h o r t - t e r m c a p i t a l c o n s t r a i n t . Furthermore, no r e g i o n a l 
data was a v a i l a b l e on milk and meat p r o d u c t i o n . We thus used the n a t i o n ­
a l a v e r a g e s f o r a l l the r e g i o n s a s shown i n Table 5 . 8 
Table 5 . 8 L i v e s t o c k Product ion Permit 
C a t t l e B u f f a l o Sheep Goats 
Meat 0 . 1 2 0 .15 0 .025 0 . 0 2 5 
(Metric t o n s ) 
Milk 2000 - 200 150 ( L i t r e s ) 
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The f o r e i g n exchange e x p e n d i t u r e s e q u a t i o n was formulated "Including im-
p o r t a i t o n s of food p r o d u c t s , f e r t i l i z e r s , and equipment, 
e) A v a i l a b i l i t y of Resources 
The summary of r e s o u r c e s i s g iven in Table 5 . 9 . The land r e ­
s o u r c e s are the cropped a r e a s , t h a t i s , the p h y s i c a l land a v a i l a b l e 
t imes the cropping r a t i o of 2 ,0 in a l l r e g i o n s . That a c c o u n t s f o r the 
s p e c i a l c h a r a c t e r i s t i c s of the Egypt ian a g r i c u l t u r e where land i s used 
a t l e a s t t w i c e a y e a r . 
The water r e s o u r c e s are e v a l u a t e d from data based on the N i l e 
c a p a c i t y of i r r i g a t i o n and no o ther s o u r c e s are inc luded i n the s u p p l y . 
But p r o v i s i o n s are made to account for the i n e f f i c i e n c y of the i r r i g a ­
t i o n system and augment the water supply by the corresponding p r o j e c t e d 
improvement. The demand t a r g e t s are based on p r o j e c t i o n s by t h e M i n i s ­
t ry of A g r i c u l t u r e in Egypt to s a t s i f y the r e g i o n a l demand f o r b a s i c food 
s t u f f s by 1985 . At the n a t i o n a l l e v e l , the demands of meat and mi lk are 
s p e c i f i e d to be 390 ,000 tons and 2 ,472 m i l l i o n l i t e r s r e s p e c t i v e l y . 
A c o t t o n c o n s t r a i n t i s s p e c i f i e d f o r i n s t i t u t i o n a l r e a s o n s 
to l i m i t c o t t o n product ion and o r i e n t producton towards o t h e r b a s i c 
c r o p s . I t has an upper bound of 1 , 7 3 8 , 0 0 0 f e d d a n s . The t o t a l cropped 
area i s c o n s t r a i n e d t o 1 2 , 0 0 0 , 0 0 0 feddans r e p r e s e n t i n g 6 m i l l i o n feddans 
of land avai lable .^" 
And f i n a l l y , a f o r e i g n exchange c o n s t r a i n t i n c l u d e s p r o v i s i o n s f o r 
both i m p o r t a t i o n and e x p o r t a t i o n p o s s i b i l i t i e s to minimize the a g r i c u l ­
t u r a l d e f i c i t i n f o r e i g n t r a d e . 
"'""Egypt: Major C o n s t r a i n t s to I n c r e a s i n g A g r i c u l t u r a l P r o d u c t i v i t y , " 
Fore ign A g r i c u l t u r a l Economic Report No. 120 , s t a t i s t i c a l appnedix . 
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III IV V 




1,975,000 870,000 301,000 343,000 
Land for Permanent 
Crops 56,000 52,000 ' 64,000 21,000 14,000 
Winter Water 
(Cubic Meters) 3,844,000 2,700,000 
J 
1,130,000 341,000 380,000 
Summer Water 15,300,000 6,000,000 j 2,700,000 1,115,000 1,200,000 
Unskilled Labor 
(Man-days) 175,000,000 950,000,000 560,000,000 175,000,000 950,000,000 
Skilled Labor 35,000,000 100,000,000 56,000,000 17,000,000 95,000,000 
Demands 
(Metric-tons) 
Starch 2,568,000 1,345,500 202,500 78,000 129,000 
Wheat 676,000 499,000 206,000 31,000 62,000 
Barley 38,250 15,750 24,250 16,000 11,500 
Horsebeans 38,250 15,750 24,250 16,000 11,500 
Lentils 38,250 15,750 24,250 16,000 11,500 
Onions 38,250 15,750 24,250 16,000 11,500 
Vegetables 2,844,000 2,132,000 2,780,000 697,000 393,000 
Rice 2,310,000 391,000 48,000 74,000 171,000 
Maize 1,017,000 2,355,000 996,000 43,000 477,000 
Cotton 481,000 493,000 104,000 23,000 38,000 





486,000 628,000 203,000 123,000 




T o t a l Cropped Area 
(Feddans) 
Land f o r Permanent 
Crops 
Winter Water 
(Cubic meters ) 
Summer Water 
U n s k i l l e d Labor 
S k i l l e d Labor 
Demands 
( M e t r i c - t o n s ) 
S tarch 
Wheat 
Bar l ey 
Horsebeans 
L e n t i l s 
Onions 





F r u i t s 
VI 
3 , 2 9 0 , 0 0 0 
5 6 , 0 0 0 
7 , 5 0 0 , 0 0 0 
6 , 4 0 0 , 0 0 0 
VII V I I I IX 
498 ,000 1 1 , 3 0 0 , 0 0 0 ! 268 ,000 
15 ,000 176 ,000 8 , 0 0 0 
6 3 0 , 0 0 0 ; 2 , 1 4 0 , 0 0 0 . 3 0 0 , 0 0 0 
| | 
1 , 5 0 0 , 0 0 0 | 6 ,220 ,000 i 1 , 2 0 0 , 0 0 0 
8 5 2 , 0 0 0 , 0 0 0 1224,000,000 1896,000,000 5 6 , 0 0 0 , 0 0 0 
! ! ; 
8 0 , 0 0 0 , 0 0 0 j 2 2 , 0 0 0 , 0 0 0 8 9 , 0 0 0 , 0 0 0 5 , 6 0 0 , 0 0 0 
799 ,500 
4 7 2 , 0 0 0 
107 ,000 
1 0 7 , 0 0 0 
107 ,000 
107 ,000 
1 , 5 9 9 , 0 0 0 
10 ,000 
2 , 4 3 5 , 0 0 0 
424 ,000 




3 5 , 7 5 0 
3 5 , 7 5 0 
3 5 , 7 5 0 
35 ,750 
707 ,000 
3 3 , 0 0 0 
3 5 7 , 0 0 0 
69 ,000 
1 0 , 0 0 0 
107 ,000 
228 ,000 ! 
218 ,000 | 
100 ,000 | 
100,000 ; 
100 ,000 ! 
100 ,000 
566 ,000 
6 0 , 0 0 0 | 
1 , 3 8 2 , 0 0 0 | 
i 
150 ,000 | 
i 
1 0 , 5 9 1 , 0 0 0 I 
i 
102 ,000 i 
76 ,000 
8 ,000 
1 8 , 5 0 0 
1 8 , 5 0 0 
1 8 , 5 0 0 
18 ,500 
4 7 7 , 0 0 0 
5 4 , 0 0 0 
185 ,000 
2 1 , 0 0 0 
1 0 , 0 0 0 
5 4 , 0 0 0 
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5.2 R e s u l t s of the Model 
A l i n e a r g o a l programming model was d e v e l o p e d . The model c o n s i s t s 
of 450 c o n s t r a i n t s and 1500 v a r i a b l e s , and was s o l v e d on an MPSX-IBM 360 
a t the U n i v e r s i t y of Georg ia . 
We chose the o b j e c t i v e f u n c t i o n to be the m i n i m i z a t i o n of w e i g h t e d 
d e v i a t i o n s from s t a t e d g o a l s , such as r e g i o n a l demands, employment t a r ­
g e t s , n a t i o n a l demand f r o meat and m i l k , and e x p e n d i t u r e s for f o r e i g n 
exchange. 
The w e i g h t i n g f a c t o r s were dr ived from n a t i o n a l average p r i c e s 
of a g r i c u l t u r a l p r o d u c t i o n s , augmented by 20%, s i n c e i t i s r e c o g n i z e d 
t h a t the i n t e r n a l farm p r i c e s i n Egypt are below the i n t e r n a t i o n a l market 
p r i c e s by that p r o p o r t i o n . 
The employment d e v i a t i o n s were we ighted w i th the average minimum 
d a i l y wage, which the country would e x p e c t to pay f o r each man-day of 
unemployment. 
The cropping l e v e l s s o l u t i o n s are summarized i n Table 5 . 1 0 . 
We n o t e from the t a b l e t h a t s u b s t a n t i a l s p e c i a l i z a t i o n e x i s t s between r e ­
g i o n s , which i s more important t h a t n i t i s i n r e a l i t y . But the s p e c i a l ­
i z a t i o n i s not a b s o l u t e e x c e p t f o r one crop , o n i o n s , which i s now 
c o n c e n t r a t e d i n r e g i o n s VI and V I I I . 
Some w i n t e r crops l i k e wheat , h o r s e b e a n s , and v a r l e y d i s a p p e a r 
comple te ly from p r o d u c t i o n whereas the p r o p o r t i o n of o ther c r o p s , 
such as c l o v e r are e x t e n d e d . This i s not the c a s e f o r summer c r o p s . 
Another i n t e r e s t i n g o b s e r v a t i o n i s the p r e s e n c e of both t y p e s of c l o v e r 
in a l l the r e g i o n s ; tha t i s e x p l a i n e d by the f a c t t h a t c l o v e r i s b a s i c 
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to the r o t a t i o n a l requirement , does not use much i n p u t s , and has r e l a ­
t i v e l y h igh y i e l d s . 
We a l s o no te t h a t except f o r n i l i tomatoes and c o t t o n i n r e g i o n I I I , 
and maize i n r e g i o n V I I I , a l l crops are produced a t the improved l e v e l 
of management cropping s y s t e m s . From Table 5 . 1 1 we no te the v i r t u a l 
s p e c i a l i z a t i o n of the r e g i o n s in c a t t l e p r o d u c t i o n . That can be i n t e r ­
p r e t e d by the f a c t tha t c a t t l e are r e q u i r e d to meet the g o a l s of both 
meat and milk demands. Table 5 . 1 2 shows the amounts of f e r t i l i z e r 
and equipment n e c e s s a r y to implement the program determined by the s o l u ­
t i o n . I t i s t o be noted that the s o l u t i o n c a l l s f o r a s u b s t a n t i a l 
i n c r e a s e in potass ium r e l a t i v e to the amount c u r r e n t l y a v a i l a b l e to the 
a g r i c u l t u r a l s e c t o r . The number of machinery u n i t s , t r a c t o r s i n our 
c a s e , w i l l have to double to meet the requ ired l e v e l s of o u t p u t . Table 
5 . 1 3 .shows the t r a n s p o r t a t i o n l e v e l s of the d i f f e r e n t c r o p s . S in ce 
t h e r e are no e x p l i c i t c o s t s or bound c a p a c i t i e s s p e c i f i e d on the t r a n s p o r ­
t a t i o n model , adjus tments seem to be r e g u l a t e d by the magnitude of 
the demand i n each r e g i o n . We a l s o n o t e tha t some r e g i o n s have a c e n t r a l 
r o l e i n the d i s t r i b u t i o n problem, which i s i n t e r e s t i n g i f s t u d i e s are 
to be conducted to l o c a t e the b e s t transhipment r e g i o n s . 
When a crop i s not r e t a i n e d i n the model at a p o s i t i v e l e v e l , 
l i k e wheat , f o r example, the goa l d e v i a t i o n v a r i a b l e s become importa ­
t i o n v a r i a b l e s and only one r e g i o n s p e c i a l i z e s i n import ing the d e s i r e d 
p r o d u c t s . Then a d i s t r i b u t i o n to o t h e r r e g i o n s i s accompl i shed based on 
t h e i r demands. 
Table 5 . 1 4 g i v e s the goa l ach ievements for demands, from which 
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we no te t h a t s e l f s u f f i c i e n c y occurs for s t a r c h y p r o d u c t s , v e g e t a b l e s 
and f r u t i s . An overachievement i s i n d i c a t e d f o r on ions and the r e s t of 
the products s u f f e r a r e l a t i v e l y h i g h underachievement . Compared t o 
the p r e s e n t s i t u a t i o n i n the Egypt ian a g r i c u l t u r e , we n o t e t h a t a major 
r e - a l l o c a t i o n occurs for c o t t o n , w h i c h , i n the programming s o l u t i o n , a p ­
pears w i t h a d e f i c i t , w h i l e we know that i t i s an important i t em i n 
the Egypt ian e x p o r t a t i o n s . But t h a t confirms the c o n c l u s i o n s of the 
s tudy by the U. S. Agency for I n t e r n a t i o n a l Development and the M i n i s t r y 
of Egypt ian A g r i c u l t u r e , t h a t any i n c r e a s e s in o t h e r crops has t o come 
through a d e c r e a s e in c o t t o n p r o d u c t i o n . 
On the employment s i d e , we can s e e from Table 5 .14 t h a t e x c e p t 
for r e g i o n s I and IX, unemployment w i l l s t i l l be h i g h . Note t h a t the 
f i g u r e s in t h a t t a b l e i n c l u d e a l l the r u r a l p o p u l a t i o n in each r e g i o n . 
Because no d e t a i l e d data were a v a i l a b l e on the work f o r c e , the t a r g e t s 
were s e t t o f u l l employment. That means t h a t the r e a l p r o p o r t i o n s of 
unemployment w i l l be a t most 50% of the r e s u l t s i n the t a b l e . 
In order to s a t i s f y a l l the demands, 4 . 2 b i l l i o n s d o l l a r s of f o r e i g n 
exchange needed f o r i m p o r t a t i o n i n a d d i t i o n to the l i m i t of 500 m i l l i o n 
s e t as a t a r g e t , was found n e c e s s a r y by the model . Compared w i t h the 
1 .6 b i l l i o n d o l l a r s Egypt had t o pay i n 1976 for import ing a g r i c u l t u r a l 
p r o d u c t s , the r e s u l t s seems to be s a t i s f a c t o r y s i n c e at l e a s t $3 b i l l i o n 
in the f o r e i g n exchange e q u a t i o n are incurred by the purchase of machinery 
and f e r t i l i z e r . 
Table 5 .10 Land A c t i v i t y Needs ( 1 , 0 0 0 Feddans) 
\ C r o p WINTER CROPPED AREA 
K e g i o n 
I 
I I 











1 2 . 3 
5 . 3 
30 
3 9 . 6 
154 .5 
17 





2 4 . 6 
10 .6 
1.3 
1 9 . 1 
3 6 . 6 
3 1 . 6 
8 . 9 





3 6 . 5 
1.5 





8 7 9 . 7 9 0 3 . 2 
SUMMER CROPPED AREA 
1 4 5 . 5 
17 
RICE : MAIZE ! SORGHUM i COTTON j OTHERS 
586 i 1 ,086 
i 
j 476 | i 
I 5 . 3 
I 
i 2 9 . 9 







8 0 8 . 5 
3 1 . 6 
Table 5.10 Continued 
NILI CROPPED AREA PERMANENT CROPS 
I OTHER 




3 6 . 5 
1 7 4 . 7 
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3 6 . 5 
174 .7 
114 
8 2 . 2 
OTHER SUGAR 
TOMATOES 
2 . 5 
156 
7 3 . 1 
282 
VEGETABLE; CANE 
2 . 5 
7 3 . 1 
282 











Table 5 . 1 1 L i v e s t o c k L e v e l s (Heads) 
C a t t l e B u f f a l o Sheep Goats 
I 315 ,280 
I I 167 ,234 - - -
I I I - - 230 ,725 -
IV 1 1 , 0 6 0 - - -
V 17 ,820 - - -
VI 8 7 , 2 8 0 - - -
VII 3 8 , 1 8 0 - - -
VIII 4 2 , 3 0 3 - - -
IX 9 ,250 — — 
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Table 5 .12 Other Input L e v e l s 
^ ^ X ^ I n p i t s FERTILIZER (METRIC-TONS) 
Regions NITROGEN PHOSPHATE POTASSIUM 
EQUIPMENT 
(LIMIT) 
I 1 ,857 36 ,960 2 5 , 3 9 1 3 2 , 1 2 2 
I I 16 ,947 3 6 , 0 0 0 4 0 , 6 0 0 17 ,677 
I I I 1 7 , 0 3 0 20 ,665 2 3 , 2 3 0 6 ,600 
IV 5 ,030 5 ,550 5 , 5 2 0 2 , 1 3 0 
V 5 ,113 6 ,220 6 ,165 2 , 7 8 0 
VI 68 ,400 8 4 , 3 0 0 9 7 , 0 0 0 2 7 , 8 8 0 
VII 676 5 ,030 3 ,017 4 , 9 5 0 
VIII 26 ,520 25 ,239 27 ,680 10 ,185 
IX 3 , 8 2 5 5 ,056 4 , 6 8 5 2 ,180 
Table 5 . 13 
T r a n s p o r t a t i o n A c t i v i t i e s ( M e t r i c - t o n s ) 
(Where U I n d i c a t e s the D i r e c t i o n of Flow of the Commodity) 
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STARCH . J WHEAT BARLEY 
U l , 5 = 38 ,934 U l , 8 
218 ,000 
U l , 9 1 8 , 5 0 0 
U l , 9 = 671 ,980 U l , 9 3 9 , 0 0 0 U 2 , 5 11 ,500 
U 2 , 6 = 8 9 , 6 0 0 U 2 , l 933 ,000 U 3 , 7 = 2 5 , 4 0 3 , 2 5 1 
U 3 , 8 = 236 ,215 \ , 2 = 1 , 4 3 2 , 0 0 0 U 6 , 2 27 ,250 
U 6 , 3 = 186 ,456 U 6 , 5 6 2 , 0 0 0 U 6 , 8 100 ,000 
U 7 , 9 = 224 ,874 U 7 , 6 = 1 , 9 6 6 , 0 0 0 Y l 5 6 , 7 5 0 
U 9 , 4 = 61 ,632 U 9 , 4 31 ,000 U 7 , 4 1 6 , 0 0 0 
U 9 , 6 = 772 ,415 U 7 , 6 = 2 5 , 2 9 4 , 7 5 1 
HORSEBEANS LENTILS ONIONS 
U 3 , 9 = 5 0 , 2 5 0 U l , 2 = 80 ,475 U l , 2 9 8 3 , 5 8 3 
U 6 , 3 = 74 ,500 D 2 , 7 = 6 5 , 8 4 6 U l , 4 16 ,000 
U 6 , 5 = 1 1 , 5 0 0 U 3 , l = 118 ,725 U 3 , 9 5 4 , 2 5 0 
U 6 , 8 = 174 ,000 U 3 , 8 = 37 ,280 U 6 , l 
= 1 , 0 3 7 , 8 3 3 
V 
= 3 8 , 2 5 0 
U 4 . 8 = 6 1 , 3 3 0 U 6 , 3 78 ,500 
U 8 , 7 = 3 5,750 U 5 , 9 = 21 ,400 U 8 , 2 = 1 , 2 8 4 , 3 2 4 
" 9 , 2 = 1 5 , 7 5 0 " 7 , 6 = 3 0 , 0 9 6 U 8 , 5 1 1 , 5 0 0 
U 9 , 4 = 1 6 , 0 0 0 U 9 , 6 = 76 ,903 U 9 , 7 3 5 , 7 5 0 
VEGETABLES RICE MAIZE 
U l , 3 = 2 5 , 4 2 7 , 5 0 0 U 2 , 4 8 5 9 , 3 6 3 U l , 3 = 1 , 2 6 5 , 0 0 0 
U 2 , 9 = 1 , 5 9 2 , 1 3 7 U 4 , l 
785 ,363 
U 3 , 5 4 1 1 , 2 1 3 
U 3 , 6 9 3 0 , 8 6 1 U 6 , 2 = 1 , 2 5 0 , 3 6 3 U 3 , 6 = 3 , 6 1 1 , 7 9 2 
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Table 5 . 1 3 Continued 
V 9 = 
1,236 ,,240 Y 3 4 8 , 0 0 0 U l , 3 = 1 , 2 6 5 , 0 0 0 
U 5 , 6 = 2 , 0 2 6 , 9 7 8 U 6 , 9 5 4 , 0 0 0 U 3 , 5 4 1 1 , 2 1 3 • 
U 6 , 9 " 2 , 4 3 7 , 1 1 9 U 7 , 8 286 ,988 U 3 , 6 - 3 , 6 1 1 , 7 9 2 
U 8 , 6 " 6 , 2 8 0 , 6 6 7 U 8 , 6 = 1 , 3 6 2 , 3 6 3 U 4 , 7 124 ,282 
U 9 , l = 
2 8 , 2 7 1 , 5 0 1 
U 8 , 3 = 2 , 6 4 4 , 4 4 3 
U 9 , 7 " 707 ,000 U 8 , 4 
U 9 . 8 
1 5 6 , 1 3 3 
- 4 , 1 5 7 , 0 0 0 
COTTON SUGAR CANE FRUITS 
U l , 4 " 2 3 , 0 0 0 U l , 6 = 1 , 6 5 5 , 0 0 0 U 2 , 3 6 8 5 , 0 0 0 
U l , 8 " 467 ,215 U l , 7 = 8 , 2 1 2 , 9 5 3 U 3 , 4 9 6 , 4 0 0 
U 3 , 2 ' 3 4 8 , 8 5 0 U 3 , 9 = 2 , 2 8 3 , 0 4 6 U 4 , l 
4 6 , 8 0 0 
U 6 , 3 = 331 ,950 U 7 , 9 = 8 , 2 0 2 , 9 5 3 D 4 , 7 2 3 , 0 0 0 
U 6 , 5 " 3 8 , 0 0 0 U 9 , 2 145 ,000 U 6 , 2 = 1 , 1 7 1 , 0 0 0 
U 8 , 6 = 308 ,850 U 9 , 4 5 0 , 0 0 0 U 6 , 9 5 4 , 0 0 0 
U 8 , 9 = 2 1 , 0 0 0 U 9 , 5 5 0 , 0 0 0 U 8 , 5 
2 3 , 6 0 0 
U 9 , 8 = 1 0 , 5 9 1 , 0 0 0 U 8 , 6 = 1 , 1 0 6 , 4 0 0 
14 8 
Table 5 . 1 4 Employment Goal Achievement 
'' 10 man-day 
1 
Region Target D e v i a t i o n Propor t ion^ 
I 175 16 -9% 
I I 950 825 -86% 
I I I 560 490 -87% 
IV 175 152 -86% 
V 950 920 -96% 
VI 852 692 -81% 
VII 224 190 -84% 
VIII 896 800 -89% 
IX . ..... 56 34 • -60% ., _ J 
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5 . 3 Conc lus ion 
Our f o r m u l a t i o n of t h e Egypt ian model p e r m i t t e d us to measure t h e 
e f f e c t s t h a t r e a l l o c a t i o n of crops among r e g i o n s would have on the e n ­
t i r e s e c t o r through i t s demand on employment t a r g e t s . 
I t i s found t h a t s u b s t a n t i a l d i f f e r e n c e s occur f o r t h e a l l o c a t i o n 
of r e s o u r c e s i f t h e Egypt ian a g r i c u l t u r e f i x e s i t s t a r g e t to meet a l l 
i t s p o p u l a t i o n needs and minimize i t s f o r e i g n d e f i c i t . 
Further s o l u t i o n s through t h e s e n s i t i v i t y of t h e w e i g h t s a s s o c i ­
a t e d w i t h t h e d e v i a t i o n s from g o a l s w i l l h e l p i d e n t i f y s e v e r a l a l t e r n a ­
t i v e p l a n s . 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
In t h i s c h a p t e r , g e n e r a l c o n c l u s i o n s regard ing t h e m e t h o d o l o g i c a l 
and e m p i r i c a l r e s u l t s of t h i s s tudy w i l l be p r e s e n t e d t o g e t h e r w i t h d i r e c ­
t i o n s for f u r t h e r r e s e a r c h in the area of r e g i o n a l a l l o c a t i o n . p l a n n i n g 
i n t h e a g r i c u l t u r a l s e c t o r . 
6 . 1 Conc lus ion 
In t h i s s tudy we have formulated a mathemat ica l model for r e g i o n a l 
crop a l l o c a t i o n t h a t t a k e s i n t o account t h e important a s p e c t s of both 
t e c h n i c a l and economical a s p e c t s . o f crop p r o d u c t i o n . In the f i r s t c a s e , 
d i f f e r e n t l e v e l s of input and output have been s p e c i f i e d for each a c t i v ­
i t y . In a d d i t i o n , e x p l i c i t crop i n t e r d e p e n d e n c i e s have been formulated 
to account f o r r o t a t i o n a l r e q u i r e m e n t s . Even though data l i m i t a t i o n s 
a f f e c t o n e ' s a b i l i t y to i n c l u d e as many r e s o u r c e c o n s t r a i n t s as can be 
found i n r e a l i t y , t h i s model has i n c l u d e d the ones which are most l i k e l y 
t o have a g r e a t e r impact on t h e opt imal r e g i o n a l mix, thus r e l a x i n g t h e 
u s u a l assumpt ion of f i x e d p r o p o r t i o n s i n the product ion of each c r o p . In 
t h e second c a s e , economic a s p e c t s were i n t r o d u c e d through d i f f e r e n c e s i n 
the produc t ion f u n c t i o n w i t h i n " e a c h reg ion and the i n c l u s i o n of s e v e r a l 
o b j e c t i v e s . 
In t h i s model , goa l programming has been adapted f o r the f i r s t t i m e , 
to r e g i o n a l a n a l y s i s . This approach was n e c e s s i t a t e d by the f a c t t h a t i t 
i s i m p o s s i b l e t o i s o l a t e a unique and c l e a r l y d e f i n e d o b j e c t i v e f u n c t i o n . 
The formula t ion has r e v e a l e d t h a t important d i f f e r e n c e s in t h e 
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model r e s u l t s can occur r e l a t i v e to c o n v e n t i o n a l l i n e a r programming. 
For i n s t a n c e , the t o t a l s p e c i a l i z a t i o n between the r e g i o n s i n d i c a t e d by 
l i n e a r programming s o l u t i o n has not been confirmed by our approach, and 
t h a t i s e x p l a i n e d by the f a c t t h a t the s p e c i f i c a t i o n of the demand and 
f o r e i g n d e f i c i t g o a l s f o r c e t h e r e g i o n s i n t o u s i n g t h e i r i n t e r n a l r e ­
s o u r c e s e f f i c i e n t l y b e f o r e a c c e p t i n g the u s u a l i n t e r n a t i o n a l s p e c i a l i z a ­
t i o n . For example, a maximum r e t u r n l i n e a r program would a l l o c a t e more 
land t o c o t t o n i n the Egypt ian model because i t i s h i g h l y p r o f i t a b l e , 
about t h r e e t imes more than wheat , but p o p u l a t i o n n u t r i t i o n and employ­
ment t a r g e t s would be s a c r i f i c e d . This p o i n t i s important because p r o f i t 
maximizat ion models l ead to maximizat ion of "economic w e l f a r e " which 
r e f e r s on ly to e f f i c i e n c y through maximum s o c i a l p r o d u c t , and does not 
c o n s i d e r income d i s t r i b u t i o n . S ince the m a j o r i t y of the p o p u l a t i o n i n 
d e v e l o p i n g economies depends on a g r i c u l t u r e for i t s income, some c o n s i d ­
e r a t i o n of income d i s t r i b u t i o n i s i m p o r t a t n , which makes t h e problem of 
employment e s s e n t i a l . 
Mathematical programming t e c h n i q u e s are u s u a l l y c o n s i d e r e d norma­
t i v e , but the r e s u l t s of both the A l g e r i a n and Egypt ian models have c o n ­
firmed many of t h e a c t u a l p r a c t i c e s even though c a l l i n g f o r some major 
r e s o u r c e r e a l l o c a t i o n . The t r a d e - o f f , however, i s the d e s i g n of appro­
p r i a t e and a c c u r a t e w e i g h t i n g f a c t o r s . We found t h e c h o i c e of t h e w e i g h t s 
as p e n a l t i e s t o be incurred i f a d e v i a t i o n from a s e t g o a l i s i n d i c a t e d 
t o be a r e a l i s t i c and c o n c l u s i v e p r o c e d u r e . A l s o , much more f l e x i b i l i t y 
can be g i v e n t o t h e method by g e n e r a t i n g s e v e r a l a l t e r n a t i v e s o l u t i o n s 
and l e a v e i t t o the d e c i s i o n maker to make a c h o i c e based on t h e impor­
tance a t t r i b u t e d t o each g o a l . 
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The implementat ion of t h e r e s u l t s of t h e model have t o come through 
economic i n c e n t i v e s and p r i c i n g p o l i c i e s because i n d i v i d u a l farmers b e ­
have accord ing t o t h e i r e x p e c t e d immediate r e t u r n s w h i l e the model has 
the scope of d e c i s i o n making i n t h e e n t i r e a g r i c u l t u r a l s e c t o r . Informa­
t i o n not on ly on sequences of crops and t h e i r l o c a t i o n , but a l s o on t r a n s ­
p o r t a t i o n c a p a c i t i e s , amounts of t e c h n o l o g y , and t e c h n i c a l a s s i s t a n c e can 
be of v a l u a b l e use to t h e p l a n n e r . 
I t i s our f e e l i n g t h a t t h i s approach can be very u s e f u l . Thus 
an i n v e s t i g a t i o n of ways t o improve the model seems a p p r o p r i a t e . 
6 .2 Recommendations for Further Research 
The model deve loped i n t h i s t h e s i s was of a s h o r t - t e r m d u r a t i o n . 
The i n c l u s i o n of r o t a t i o n s over l o n g e r p e r i o d s of t ime i n t r o d u c e s a dynamic 
c h a r a c t e r i n t o t h e model which needs t o be i n v e s t i g a t e d f u r t h e r through 
m u l t i - p e r i o d goa l programs for t h e a g r i c u l t u r a l s e c t o r . Moreover, 
even though we in troduced t h e weather e f f e c t i n d i r e c t l y through p a r t i t i o n ­
i n g t h e area under c o n s i d e r a t i o n i n t o d i f f e r e n t homogeneous r e g i o n s , and 
through d i f f e r e n t i r r i g a t i o n s y s t e m s , b i a s i s in troduced by u s i n g s i n g l e -
va lued y i e l d c o e f f i c i e n t s , which r e p r e s e n t average y i e l d r e s p o n s e . An 
i n v e s t i g a t i o n of t h e p o s s i b i l i t y of u s i n g r e s p o n s e c o e f f i c i e n t s t h a t r e ­
f l e c t the impact of weather and t e c h n o l o g y on crop y i e l d would be an 
i n t e r e s t i n g f e a t u r e t o add t o t h e model , e s p e c i a l l y s i n c e t h i s concept has 
not r e c e i v e d any adequate t rea tment in the l i t e r a t u r e . 
Other p o s s i b i l i t i e s would be o f f e r e d by i n t r o d u c i n g a demand 
f u n c t i o n for the p r i v a t e part of t h e a g r i c u l t u r a l s e c t o r , t e s t i n g t h e 
f l e x i b i l i t y of t h e r o t a t i o n a l c o n s t r a i n t s , and i n t r o d u c i n g land c l a s s e s w i t h 
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d i f f e r e n t r o t a t i o n s a s s o c i a t e d w i t h e a c h . 
In a d d i t i o n , a f o r m u l a t i o n of t h e goa l program w i t h d i f f e r e n t p r i ­
o r i t y s t r u c t u r e s r e f l e c t i n g a g g r e g a t e u t i l i t y f u n c t i o n s would be an 
i n t e r e s t i n g and very u s e f u l a s p e c t . 
F i n a l l y , t h e d i f f e r e n c e s in i n t e r p r e t a t i o n of t h e r e s u l t s of 
s e n s i t i v i t y a n a l y s i s between l i n e a r and goa l programming makes t h e n e ­
c e s s i t y of f o r m u l a t i n g and i n t e r p r e t i n g t h e dual g o a l program another 
i n t e r e s t i n g f e a t u r e . 
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APPENDIX A 
Summary of the Model 
1) N o t a t i o n s 
1 ) V a r i a b l e s 
















s , k , j 
s , k , j 








s , b , j 
s , b , j 
Continuous crop on dry land lacre 
a t f e r t i l i z e r l e v e l 1 . 
Continuous crop on dry land 
a t f e r t i l i z e r l e v e l 2 . 
Continuous crop on i r r i g a t e d 
land a t f e r t i l i z e r l e v e l 1 . 
Continous crop on i r r i g a t e d 
land a t f e r t i l i z e r l e v e l 2, 
R o t a t i o n crop a t low i r r i g a ­
t i o n and f e r t i l i z e r 1 . 
R o t a t i o n crop a t low i r r i g a ­
t i o n and f e r t i l i z e r 2 . 
R o t a i t o n crop a t h igh i r r i g a ­
t i o n and f e r t i l i z e r 1 . 
R o t a i t o n crop a t h igh i r r i g a ­
t i o n and f e r t i l i z e r 2 . 
Other crops - sequenced or f r e e 
a t low i r r i g a t i o n and f e r t i l i z e r ) 
1 . 
Other crops - sequenced or f r e e 
a t low i r r i g a t i o n and f e r t i l i z e r ] 
2 . 
Other crops - sequenced or f r e e 
a t h igh i r r i g a t i o n and f e r t i l ­
i z e r 1 . 
Other crops - sequenced or f r e e 
a t h igh i r r i g a t i o n and f e r t i l ­
i z e r 2 . 
Permanent crop a t low i r r i g a ­
t i o n and f e r t i l i z e r 1 . 
Permanent crop a t low i r r i g a ­
t i o n and f e r t i l i z e r 2 . 
Permanent crop a t h igh i r r i g a ­
t i o n and f e r t i l i z e r 1 . 
Permanent crop a t h igh i r r i g a ­
t i o n and f e r t i l i z e r 2 . 
Dry p a s t u r e a t f e r t i l i z e r 1 
Dry p a s t u r e a t f e r t i l i z e r 2 . 
3 : r e g i o n 
s : s e c t o r 
c : c o n t i n u o u s 
crop 
i : exogenous 
r o t a t i o n 
k: endogenous 
r o t a t i o n s and 
" f r e e " crops 
o: permanent crop 
b : p a s t u r e t y p e s 
a: l i v e s t o c k type 
v : f e r t i l i z e r type 
e: equipment type 
$ : commodity type 
t : p e r i o d ( s e a s o n ) 
( )c { c , b , i , k , o } 
( • ) = {v,e,<3>} 
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Symbols D e s c r i p t i o n Uni t 
PIF1 , . s , b , j I r r i g a t e d p a s u t r e a t f e r t i l i z e r 1 . a c r e 
PIF2 , . s , b , j I r r i g a t e d p a s t u r e at f e r t i l i z e r 2 . 
L 
s , a , j 
L i v e s t o c k a c t i v i t y b e a s t 
M . 
F e r t i l i z e r a c t i v i t y 
Equipment a c t i v i t y 
m e t r i c 
ton 
u n i t 
Commodity t r a n s p o r t a t i o n 
a c t i v i t y 
P r o d u c t i o n a c t i v i t y i n c l u d e d 
i n demand m a t r i x . 
m e t r i c 
tons 
I I 
N l , j 
Underachievement of g o a l l a b o r man-days 
Overachievement of goa l l abor it 
Underachievement of meat g o a l m-tons 
P2 Overachievement of meat g o a l 
I I 
N3 Underachievement of milk goa l l i t r e 






Underachievement of hard currency 
e x p e n d i t u r e s g o a l 
Overachievement of hard currency 
e x p e n d i t u r e s g o a l 
Underachievement of demand goa l 
f o r product $ 
Overachievement of demand g o a l 





i i ) Resources 
ID. 
J 
Drv land - a c r e 
L I . 
J 
1 










Water a v a i l a b l e i n p e r i o d t . j 
cu b ic 
meters 
HO. 
J Ordinary l a b o r j 
man-days 
HS. 
J S k i l l e d l a b o r j 
it 
1 5 6 
Symbol D e s c r i p t i o n Un i t S u b s c r i p t 
% Demand of product $ m-tons 
D 
m 
Meat demand 11 
Da Milk demand l i t r e s 
Short term c a p i t a l a v a i l a b l e $ 
D 
o 
Hard currency a v a i l a b l e f o r 
f o r e i g n e x p e n d i t u r e s 
$ 
i i i ) Parameters 
( ) j 
Per u n i t f e r t i l i z e r input m-tons 
a 
s , a , j 
3 
( ) J 
P s , a , j 
Per u n i t of l i v e s t o c k c o n t r i b u t i o n 
to f e r t i l e r b a l a n c e 
Per u n i t of crop c o n t r i b u t i o n to 
p a s t u r e b a l a n c e 





CO . N . 
CO 
s , a , j 
e t 
j 
e ( ) j 
£ s , a , j 
Net per u n i t of crop water 
requirement 
Per u n i t of l i v e s t o c k w a t e r 
requirement 
C o e f f i c i e n t of system i r r i g a t i o n 
e f f i c i e n c y i n per iod t 
Per u n i t of crop machinery 
requirement 





d a y s / y r . 
I I 
X , s . 
( )J 
X 
Per u n i t of crop ord inary 
l a b o r requirement 
Per u n i t of l i v e s t o c k ordinary 
labor requirement 




s , a , j 
ri 
s , a , j 
Per u n i t of l i v e s t o c k requirement 
of crop $ 
Per u n i t of l i v e s t o c k meat p r o ­
d u c t i o n a d j u s t e d 
C a p i t a l requirement per crop $ 
f o r the p r i v a t e s e c t o r 
Hard currency expenses incurred 





1 5 7 
Symbol D e s c r i p t i o n 
Weight ing f a c t o r s of d i f f e r e n t g o a l s 
s , a , j 
S k i l l e d labor requirement per u n i t 
of crop 
S k i l l e d l abor requirement per u n i t of 




s , a , j 
Per u n i t l i v e s t o c k a milk p r o d u c t i o n l i t r e s 
T r a n s p o r t a t i o n c o s t per u n i t of 
commodity $ from r e g i o n j to r e g i o n j ' 
m e t r i c - t o n s 
qc) Per u n i t p r o d u c t i o n c o s t $ 
« < > 
Per u n i t i m p o r t a t i o n c o s t . $ 
2 ) T H E M O D E L 
M I N I M I Z E Ui Y j } + U 2 {Wl,j Nlj } + U 3 { W 2 N 2 } + 
U 4 { W 3 N 3 } + U 5 { W 4 P 4 } 
Subjec t t o : 
a ) R e g i o n a l C o n s t r a i n t s 
i ) Land (Dry) 
C 2 C 2 B 2 B 2 
y y X D F I . + y y X D F 2 . + y y P D F I + y y P D F 2 
C - l 8 - 1 S ' C > ^ C = l 8 = 1 S > ° ^ b = l 8 = 1 S ' b ^ b = l 8 i l ' . " . J 
- LDj 
i i ) l a n d ( I r r i g a t e d ) 
C 2 B 2 
I I ( X I F 1 + X I F 2 . ) + I I ( P I F 1 , . + P I F 2 , . ) 
c - 1 s - 1 S ' C » J S ' C » J b = l s - 1 S ' B , J S ' B ' J 
R 2 
I I ( Y L F 1 . . + Y H F 1 . . + Y I . F 2 . . + Y H F 2 . . ) 




I I ( Z L F 1 k=l s = l 
N 2 I I 
o=l s = l 
, . + Z H F 1 . . + Z L F 2 . . + Z H F 2 . . ) + 
s , k , j s , k , j s , k , j ' 
I I ( S L F 1 . + S H F 1 . + S L F 2 . + S H F 2 . ) + s » o , j s , o , j s , o , j s , o , j ' 
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A j Z ^ * 0 k* = 1 , . . . , K * ; K* 9 K 
I (SLF1 . + SHF1 . + SLF2 . + SHF2 . ) < LPi 
s = 1 s , o , j s , o , j s , o , j s , o , j / J 
i i i ) F e r t i l i z e r Balance (For Each v = 1 , . . . , V ) 
I (a XDF1 + a . XDF2 . + a . XIF1 , + 
s = 1 s , c , j s , c , j s , c , j s , c , j s , c , j s , c , j 
B 2 
a XIF2 .) + I I ( a , . PDF1 v . + a _ , PDF2 * , . + s , c , j s , c , j b ^ g ^ 1 v s , b , j s , b , j s , b , j s * , b , j 
R 2 
a PIF1 . + a PIF2 , . ) + T 7(a . . YLF1 . . + s , b , j s , b , j s , b , j s , b , j ^ g ^ s , i , j s , i , j 
a . . YHF1 . . + a . . YLF2 . . + a . . YHF2 . ) + s , i , j s , i , j s , i , j s , i , 3 s , i , j s , i , j ' 
T ( a . . ZLF1 . . + a . . . . . « . . ™ ~ . . ^ s ,k . , j s , k , j s , i , j s , k , j s , k , j s , k , j ZHF1_ J + a_ , ZLF2. , _ . , ) + 
N 2 
a , . ZHF2 , .) + 7 y (a . + SLF1 . + a . SHF1 . + s , k „ j s , k , j ^ s , o , j s , o , j s , o , j s , o , j 
a . SLF2 . + a . SHF2 .) - 7 a . L . - F . = 0 s , o , j s , o , j s , o , j s , o , j ^ s , a , j s , a , j v , j 
i v ) P a s t u r e Balance (For Each b = 1 , . . . , B ) 
, . PDF1 , . + y , . PDF2 , . + y , . PIF1 , . + y PIF2 , s , b , j s , b , j s , b , j s , b , j s , b , j s , b , j s , b , j s ,b 
J ( 6 . X D F l . + 3 . XDF2 ^ s , c , j s , c , j s , c , j s , c , j + 6 . XIF1 . + s , c , j s , c , j 
R 2 
. XIF2 .) + I 1 ( 6 . . YLF1 . . + 6 . . YHF1 . . + ,J s , c , j / ± ^ ^ s , i , j s , i , j s , i , j s , i , j 
K 2 
. . YLF2 . . 
i»J s " -








+ PIF1 , + £ PIF2 . . ) + I I ( e . . YLF1 . . + » c , j s , b , j s , b , j s , b , j ^ g ^ 1 v s , i , j s , i , j 
. . YHF1 . . + £ . . YLF2 . . + £ . . YHF2 . . ) + s , i , j s , i , j s , i , j s , i , j s , i , j 
K 2 
I I (£ , . ZLF1 . + £ ZHF1 . + £ ZLF2 . + 
g= l S * S,K.,J S > ^ » J s , k , j s ,k . , j s ,k . , j 
N 2 
£ , A ZHF2 . . ) + J J ( e . SLF1 . + £ . SHF1 . + s , k , j s , k , j s , o , j s , o , j s , o , j s , o , j 
£ . SLF2 . + £ . SHF2 . ) 1 £ . M . s , o , j s , o , j s , o , j s , o , j e , j e , j 
v i i ) Labor C o n s t r a i n t s - Ordinary Labor 
C 2 
y y ( X . XDFl + . XDF2 . + X . XIF1 . + 
L t s , c , j s , c , j s , c , j s , c , j s , c , j 
c - 1 s — 1 
B 2 




. PIF1 . + X . PIF2 . ) + y y ( X . . YLF1 . . + , c , j s , c , j s , c , j s , c , j it1 ^ s , i , j s , i , j 
X . . YHF1 . . + X . . YLF2 . . + X . . YHF2 . . ) + 
s , i , j s , i , j s , i , j s , i , J s , i , j s , i , j 
K 2 
I I ( X . ZLF1 . + X ZHF1 . + X ZLF2 . + 
g = l ®»^>J s ,k . , j s , k , j s ,k . , j s ,k . , j s ,k . , j 
N 2 
X . . ZHF2 , . ) + I I ( X . SLF1 . + X . SHF1 . + s , k , j s , k , j ^ g ^ 1 v s , o , j s , o , j s , o , j s , o , j 
4 2 
X . SLF2 . + X . SHF2 . ) + y I X . L . + N . -s , o , j s , o , j s , o , j s , o , j ^ s , a , j s , a , j u 
P,. = HO. 
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i v ) Fore ign Trade C o n s t r a i n t 
A 2 _ V G 
j 
 z U
>]_ s i 2 s , v , j s , v , j s , e , j s , e , j J s , * , j s , * , j J 
N. - P. = D . 
4 4 o 
v) O v e r a l l Cost 
A 2 V G 
I X < I <le $ i J = $ i + I % v i + I q s e i + E q s * X s j = l s = l $ S»®»J s , « , j v _ 1 s , v , j e = 1 s , e , j $ s , » - s , w , j 
I I I ( t * U*.) + N - P - Q 
j ^ l j V l 







j = l s = l c-1 S 
A 2 B 
I I I (PDF1 
j = l s = l b= l S 
A 2 R 
I I I (YLF1 
j = l 8=1 ±=1 s 
A 2 K 
I I I (ZLF1 
s = l k=l S 
A 2 N 
I I I (SLF1 
j = l s = l 0=1 S 
! . + XIF1 . + XIF2 . ) + 
+ PDF2 , . + PIF1 , . + PIF2 , ) + s » b , j s , b , j s , b , j 
. + SHF1 . + SLF2 . + SHF2 . ) ^ L T J s , o , j s , o , j s , o , j 
v i i ) N o n n e g a t i v i t y C o n s t r a i n t s 
XDF1, XDF2, XIFl , XIF2, PDFi, PDF2, PIF1 , PIF2, YLF1, YLF2, YHF1, YHF2, 
ZLF1, ZLF2, ZHF1, ZHF2, SLF1, SLF2, SHF1, SHF2, L , F , M X L . . , , 
a v e « i j 
V Ns , r p s , j ' N2> V V V V V V E* >-° 
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